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ABSTRACT

This thesis describes a3 fin-line 180 dearee hybrid

(magic~tee) that is suitable for wse in Mmonmopuwlse radar
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The three~dimensionsl juwnction of a8 wavequide magic-tee ﬂ;gy}
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is replaced with fin~-line slots, couwpled fin-line slots and e
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microstrip lines mounted in 3 waveguide fixture, The planar e
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qeometry on the substrate provides significant reduction in e
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size and eliMinates the wavequide ratrace that is associated : :

b with conventional hybrids., Forts one and two are flared into

fin-line horns to produce a8 fin—~line monopulse system.

Swagestions for further dévelopnent of the fin-line

maqic~-tee and monopulse system are presented.
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I. INTRODUCTION

A. EBEACKGROUND

This thesis describes the successful desiqn,
construction and testing of toth a3 fin-line magic-tee and

maoriopulse system, Each of these units is probably the first

devices of their type constructed.

There are two main categqories of maqic-tees! the
conventional wavequide hybrids, and the new planar devices
CRef. 1! pp. 259-2611. The fin-line maqic-tee, developed in
this thesis, 1s in the latter cateqory,

The 180 deqree hybrid, or maqic-tee, 1s a passsive four
port device. Tt is an essential part of many microwave
components, i1ncluding balanced mivers, single-sideband
modulators, freaquency multiplexers, linear phase shifters,
constant impedance filters, IFM (instantaneous freauencwu
messurement) receivers, interferometers, duplexers and
nanopulse radar comparators [Ref., 1! pp. 259-241 and Ref.
20 pp. 16-181. While many of these applications use onlw
one hybrid, monopulse antennas contain a complex network of
magic-tee caomparators.

Monopulse comparator networks reauire exact symmetry
batueen numerous sections of transmission lines for proper

operation,. Unbalanced phase shifts of only 3 few deqrees,

10
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due to uneven lenaths of transmission line, destroy the
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tarqet tracking capability of the system C(Ref. 31].

.3§?
3 »

Wavequide comparator networks, with bolted toqether

N l5

flanqges ar soldered connections, have difficulty achieving

these exacting lenqths a3t miliimeter-wave frequencies. This

effect limits most of the current monopulse radars to égﬁ
ol b
freaquencies well below the millimeter-wave band [Ref., 31, §3§;
o }:.‘ .

Another limitation of the wavequide hybrid occurs 'Pk

because three of the four ports are on mutually orthoqonal
gxes, It is this three dimensional shape that produces the
compley wavequide ratrace and intricate network of soldered
flanges in conventional wmonopulse antennas [Ref. <t pp.,
10-17 and Ref., 33,

Unlike the wavequide maqic—-tee, all four ports of the
new nybrids are in the same plane. This two dimensional
qeometry qreatly simplifies the intercannections between the
numerous comparators in a monopulse antenna system. With the
plarar maqic-tees, the confusirnaq and costlyy maze of
wavegquide discussed above can be eliminated.

In asddition to the fin-line maqic-tee desianed in this
tiieuis, Lwo other types of planar maqic-tens have recently
veen developed [(Ref. 3 and Ref, 4! pp. 523-9281. Houwvaer.
only one of these new bhybrids 19 desiqried 38 a2 monopulse
comparstor [Ref. 31.

The tfin-line maqic-tee developed in thia thesis and the
new fin=li1ne horn antenna develored in a parallel thesis

iRef. S7 are desiqned to be computer msnufaciured ac a

1
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sinqle urit. This combination of fin-line horns angd fir-line
maqgic~-tees constructed in an inteqrated unit, is hereafter
called 3 fin~line monopulse system, or a3 firn-line monopulse
comparator. Fin~line monopulse s4ystems, operating at
millimeter-wave frequencies, can potentially be mass
produced for a3 few hundred dollars each.

Be. RELATED WORK

1. Slotline Magic-Tee

Mrs, Mse Aikawa a3nd Mr. H, Oqawa [Ref. 4! pp.
523-5281 introduced a3 slotlire magic-tee. The fin-linre
masqic~tee developed in this thesis (Figq. 1) is similar to
two of these slotline hybrids placed back to bachk in a
waveguide fidture,

There are five major differences between the
fin~line magic~tee developed in this thesis and the slotline
maqic-tee described in Reference 4.

First, the fin-line hybrid is essentially two
slotline hybrids in parallel with each other. Thise
configuration sigqnificantly chanqes the impedance
characteristics of the circuit,

Second, the waveguide fixture that surrounds the
fin-line device, changes all of the impedances as a functiun
af freaquency,

Third, the unique microstrip to coaxtial trarsition
vserd in the fin-line device does rnot have a counterpart in

the slotline magic~tee. The purpose aof this transition is to
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maintain a fairly wide bandwidth at the point where the
microstrip passes through the waveqguide wall.

Fourth, the slotline hybrid uwses a tapered section
to transition from the main loop to the coupled slot area.
In the corresponding portion of the fin-line maqic-tee, each
secticn of microstrip Maintains a constant width wp to the
point where the two sections join.

Finally, all of the bends in the slots of the
fin-line maaic-tee are computer designed to keep incidental

reflections as low as possible.

2+ Planar HWavequide Comparators

The system described by Syriqos, Crossland and Van
Wyck. CRef. 31 is not related to this thesis at all. However,
it does meet part of the objectives of this work hy
utilizing a totally different design and manufacturing
concept.

3. Ein-Line Horn Antenna

The fin-line horn antenna was perfected by LCOR
Mumtaz~ul-Haq [(Ref. 51, Haaq discovered that a substantial
amount of the electric field can be launched betueen ﬁhe
parallel fins. This undesirable effect can be successfully
controlled by making the horn fins half of a wavelenath wide
and shorting the exposed edges together with copper tape.
This short reflects another short across the edges of the
fin-line slots. The reflected short seals the gap between

the fins and keeps the electric field in the slots.
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The parallel slots leading to ports one and two
(Fig. 1) are separated by a quarter wavelenath. Each slot
appears as an open to the other slot, reflecting back a
short a quarter of a wavelength away. The reflected short
seals off the tuo slots, thereby preventing inadvertent
coupling. This concept is a3 direct result of the applied
research performed by Haaq LCRef., 53,
€+ FPURPOSE

The first objective of this work is to desian, build and
successfully test a fin~line magic-tee at 10~-GHZ., This
includes the desian and construction of a suitable fixture
to hold the magic-tees, The fimal magic-tee is to be
integrated with two fin-line horn antemmnas [Ref., 91, to form
a two dimensional fin-line monopulse system (onlw one
difference channel).

The second objective is to produce reasonable sum and
difference anternna patterns from the combined one piece
unit. This intearated wnit is intended to be the prototype
of a millimeter-wave fin~-line monopulse system that has both
arimuth and elevation difference channels.

The third and most important objective is to computerize
the design procedure, This will inmsure the ability to
accurately and quickly reproduce these Jevices at a future
date.

The final objective of this research is to recommena

pussible improvements for the fin~line magic~tee and
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fin-line monopulse system., Specific recommendations for
expanding the fin-line monopulse system into 8 three channel
(sum channel, azimuth channel angd elevation channel)

monopulse system are required.
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IT. THEORETICAL FRINCIFLES

2 . . . A e

Rj The desian of the fin-line Magic-tee and mMonopulse NS
4 R
N s

2050
x
o,

-

system is based on established microwsve principles. These

»

o> om g
-,
' .
N .7l

theoretical concepts are discussed in this chapter,

T
%, }3"
g N
" |

2 A. WAVEGUIDE MAGIC-TEE ‘sﬁ
A
5 The theoretical properties of a wavequide 180 deqgree

hybrid are illustrated inm Fiqures 2 and 3. An irput at any

™ one of the four ports is equally divided with half of the
e power coupling into two orthoqonal ports. In phase signals

at ports one ardd two combine in the H-plane arm and carncel

o in the E-plane arm, Qut of phase irputs at ports one and two

:é produce the opposite resuwlts., There is complete isolation

. between ports ore and two and between ports three znd four. 1#‘
% The reverse of these conditions is-also true. The 180 deqree - 3
:E phase shift depicted in Fiqure 3 can occur in either SZ3 and R
. §32 as shown, or in $13 and 31 CRef. 6% pp. 190-1911, 2
& E. MONOPULSE ANTENNAS 8§

The typical monopulse radar antenna contains fFour

D, identical antenna elements, which are interconnected with -
. #
‘E three or more maqic-tees. The siqnals to and from the four §
A * ’
3N
; ¢lements are added and subtracted in various combiiiations to

=5
X produce three system pc-ts, o
- All four of the antennas are summed together in phase to :
of. 3 &
44 2
; produce the sum channel. This siqnal is connected to Lhe 3
| radar via a T/R (Transmit/Receive) Device. b
'~ b
' L
. "
.. 16 2%y
: 13
7,
-.‘&
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The two difference chamnels are tﬁe radar’s source of
tarqet tracking infaormation. The elevation port produces the
difference between the uwpper and lower antennas while the
azimuth port produces the difference betuween the left and
right antennas. If a monopulse anmtenna system is pointing

wactly at a8 tarqget, there will be a stronq siqnal in the
sum channel and absolutely no signal in either the elevation
or azimuth channels., The rull in the difference channels is
the result of shiftimg two identical sigqrals 180 deaqrees

from each other and then adding them toqether. The phase

shift and addition occur within t! . magic~tees.

The radar return from a tarqet that is sliqhtlwy i1eft of

the monopwlse antenna’s extended center line reaches hha
left elements of the antenna before it reaches the riaht
elements, This produces a slight phase shift due to the
difference in arrival times at the left and right elements.
Complete cancellation does not occur in the difference
charnel with this confiquration. The resulting differernce
siqnal increases in amplitude and shifts in phase as the
target qets farther away from the antennas extended center
line. There is 3l1s0 a 180 deqree phase shift in the
difference channel as a tarqet crosses the anteana’s
extended center line (Ref. 7! pp. 10-291].

Since the null in the difference port can anly cceour

with exact target/antenna alignment, it signifies the exact
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center of both the sum and difference antenns patterns.
Therefore, a target that produces a strorng return in the sum
channel and no return in one of the difference channels is
o a plane that bisects the two antennas which develap the
difference siqnal. When this information is combirned with
range data, the tarqet’s location is limited to am arc on
the plane that bisects the two halves of the antenna. The
point where the elevation and azimuth arcs cross is directly
inm front of the anmterna. The line between the monopulse
antenna and this point is commonly referred to as the
boresiqht of the antenna.

If the ouwtputs of the difference channels are monitored
while a target is within the main beam of the sum pattern,
the tarqget can be classified as exactly centered, a little
laeft or right, a little high or low, or any combination of
these directions,

Skolnik [Ref. 7! pp.10-28] defines an amplitude
comparison monopulse system 38 one that compares the
anplitude of the difference channel with the amplitude of
the sum channel. This information i3 wsad to determine how
far a target is awdy from the antenna’s boresight. The phase
(+/- only) of the difference siqnal i3 used to determine
which side of boresight the target is on.

This technique was initially called simultaneous lobing
since all of the radiation lobes are sampled durina each and

every pulse. The ability to obtain a complete tracking

18
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solution in only ore pulse led to the current desianation of
moropulse [Ref. 7! p. 101,

Earlier tracking radars such a8s conical scanning and
lobe switching systems required numerous radar ret.urns to
obtain the same inﬁornation. The accuracy of these systems
is ofter deqraded by pulse to pulse amplitude variations,
Mornopulse radars, which are free of this distortion, have
achieved tracking accuracies of 0.003 deqrees [Ref. 7! F.
101.

Two popular forms of amplitude comparison monopulse
antennas are iilustrated in Fiqures 4 and 3.

C. THEORETICAL ANTENNA PATTERNS

The far field effect an antenna has on the envirornment
is a3 direct result of the current distribution across the
face of the antenna and can be represented mathematically
with a s;ecialized Fourier Transform [Ref. B pp. 345-349
and Ref. 9! pp. 170-1951. This technique is used to develop
computer simulations of actual sum and difference patterns.
The simulated patterns are uvsed to illustrate the
theoretical properties of a8 monopulse system.

The first step in predicting a8 theoreticasl monopulsa
anterna patte;n is to obtain the element pattern by taking
the Fourier Transform of the current distribution across the
face of one of the elements., The second step is to determine
the array or group pattern by taking the Fourier Transform

of the entire array, assuming that each antenra element is a

19
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delta function. The final step is to multiply the element
pattern with the array pattern.

An actual E-plare antenna pattern from orne of the
fin-line horns of Refererce S5 is closely simulated by adding
20% of a sin(x)/x pattern, to B0X of sin(x)/x squared
pattern (Fig, 6). This simulation is used a3s the predicted
element pattern.

The qroup pattern is obtained by taking the trivial
transformation of two delta functions. This results in a
cosine function for the sum pattern and 3 sine function for
the difference pattern., These theoretical group patterns
with an element spacinag of one wavelength are illustrated in
Fiqures 7 and 8.

The multiplication of the simulated element and aroup
dattern is done in a short Basic proqram on an HF-984%5E
Computer. The theoretical sum and difference patterns
computed in this program are shown in Figures 9 and 10,
respectively.

D. SLOTLINE CHARACTERISTICS

Slotline consists of a narrow slot in a thin plating of
metal foil adhered to one side of a3 thin lager of
dielectric. The other side of the supporting substrate is
void of metal:. The electric field is quided bhetween the
edqges of the slot. The impedance of the slot is directly

proportional to the width of the slot. A detailed analysis
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of slotline properties is presented by Gupta, Gara and Eahl
CRef. 10% pp., 195-2281,
E+ FIN-LINE CHARACTERISTICS

The bilateral fin-line illustrated in Figure 11 has one
straiqﬁt slot on each side of the dielectric. The fin-line
maqic-tee uses a3 similar, but more complex configuration
which has two slots on each side of the dielectric. The
slots in the maqgic-tee have a mixture of straight, arnqled
and curved sections which join together in 3 180 deqree bend
(Figq. 1). Both of these desians are formed by suspendingq
dual sided slotline in the E-plane of a section of
wavequide. As such, they are essentially shielded slotline.
As 1% the case with slotline, the impedance of firn-line is
directly proportional to the width of the slot. The detailed
properties of fin-line are discussed by Sharma and Hoefer
CRef. 11t pp. 350-355] and Meier [Ref. 12! pp. 1209-12151.
F. EVEN AND ODD MODES IN COUFLED SLOTS

Two identical and parallel slots in either slotline or
fin~lirne are considered coupled if the impedance and
electrical length of one slot is effected by the proximity
of the other slot. Coupled slots are the key to the
oparstion of both the slotline maqic-tee discussed 1n
Refarence 4 and the firn-line magic-tee developed in this
thesis,

Knorr and Kuchler [Ref. 13! PP, 541-547] define tuwo

dominate modes in coupled slots! even or odd, The even mode

exigts when the electric field:e within the tuwo slots are in
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two electric fields are out of phase with each other.

In the even mode, the maaneiic fields which surround

each slot rnouple together smoothly to form one contiruwous

g alals

magnetic field, In this confiquration, the fields aid each

other and produce a3 coupled impedance which is lower than

RPN

I R
P

the uncoupled impedance [Ref. 10! p. 3521,

.

s e

AS the slots are brought closer together, the coupling %ﬁ{
increases, This effect cauvses the even mode impedance to ;E;
decre@ase, In the limit when the separation between the slots 5&&
vanishes, each slot has half of the impedance of the new ?f
slot which is twice as wide as each of the original slots.

At the other limit when the distance between the slots is
infinite, each slot retains its uncoupled characteristics
CRef. 10% p. 3551. ti

In the odd mode, the maunetic fields oppose each other
and do not join together smoothly. Becasuse of this
opposition, the odd mode impedance 1is higher than Lthe
uncoupled impedance., As the two slots are brought closer
toqether, the opposition between the two magnetic fields and
the odd mode impedance increase (Ref. 10! p. 3521,

In the limit, when the separation between the slots
vanishes, there is complete opposition between two equal and
opposite magnetic fields., In this condition, the odd mode
impedance of each slot is exactly twice the uncoupled

impedance of one of the original slots CRef. 10! p, 3551,
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',': The electrical lenath of coupled slots is longer than
X the uncoupled lenqth in the even mode and shorter than the
. | uncoupled lenqth in the odd mode. These differences hecome
'{ larger as the two slots are brought closer toqether [Ref.

133 PP 943-54%51,
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G. MICROSTRIP CHARACTERISTICS E:“,:
~: The microstrip that is used in this thesis is componsed :2_%
" of 3 narrow center conductor with dielectric material and a Ef,'?-
i qround plane on both sides. If the two around planes are E:’.ﬁ
. bent around the center conductor until they touch, it will
resemble coaxial cable. This dual sided microstrip, derined
; as "triplate line" by Reference 6, and coaxial cable both
. operate in the TEM mode LRef. 4! pp. 38-61].

H. MICROSTRIP TO SLOTLINE TRANSITIONS d
- A simple and effective transition from slotline to E{?
" microstrip is presented by Knorr CRef, 14! pp, 548-5531, )
. With this techniaue an open length of microstrip on one side |
of a3 section of dielectric overlaps a shorted slot on the ”
other side of the same substrate at a 90 deqree anqle. The S&
‘ portion of the slot that extends past the microstrip. and ;;,

the partion of the microstrip that extends past the slot are ?
ftactly one quarter of a wavelength lona. At the junction
-3 there is a reflected short in the microstriep and a reflected h"
,_ open in the slot. This procedure is used in both the ‘%
:Z fin-line maqic-tea and the fin-line monopulse system. 3
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With thin substrates and high dielectric constants, the
rower transfer throuagh this tdype of tranmsition is close to
1:1 CRef. 14! pp. 548-553], The fin-line maqic-tee and the
fin-line monopulse system developed in this thesis are made
from Epsilam-10 which is 0.025 inches thick and has a
dielectric constant of 10.2., The return loss of these
transitions is minimal.

I. TIMFEDANCE MATCHING

A quarter wave lenqth impedance matching techniaue is
wsed in the fin-line masgqic-tee. This procedure joins tLwo
slots of unequal impedances toqether with a quarter wave
lengqth mateching section. The impedance of the center
matehing slot is eauwal to the square root of the product of
the two original impedances.

If the oriqinal impedances are called Za and Zb. and the
matching section is called Zo, the relationship becomes Zo
eaquals the sauare root of Za times Zb.

This relationship is easilu visualized on a normalized
Smith Chart. Zo 1s the center of the chart and Zs 1
sonewhere ton the left of center on the real line. Traveling
3 quarter of a wave length throuah the matching section ot
impadance Zo is represented on the Seith Chart hy a haly
circle of radivs Za, which is centered at Zo. The end of
this half circle Wwill be on the real 1.7e to the right of
Zo. If the alqabraic relationship discuossed above is

naintained, thig point will be Zb.
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' The proof of this relationship is based on the fact that
all of the points on the left half of the real line of a
g Smith Chart are th2 reciprocals of the equcl distance points
é on the right side of the real line. Therefore, as lonq as Za
and Zb are on different sides of the real line and eaqual
? distance from the center, their product is unity, Since the
; center 0?7 3 normalized Smith Chart is Zo which has a value
1 of 1.0, the algebraic relationship discussed above produces
1 3 perfect impedance match.
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IXI. EIN-LINE MAGIC-TEE

The fin-line magic-tee is desianed to mate with two
fin-line horns from Reference S to form a fin-line monopulse
antenna., To provide a smooth tranmsition between the
magic-tee anmd the horns, a3 bilateral fimn-lime magic-tee
enclosed in a3 waveguide fixture is developed., The dielectric
igs Epsilam-10 which has a thickness of 0,025 inches and 3
dielectric constant of 10.2.

A+ ENGINEERING AFFROXIMATIONS

Four major engineering approximations are uwsed in tihe
desian of the magic~tee. These approximations qreatly
facilitate the desiqn process without introducing
significant inaccuracies.

1, farallel Circuit Approximation

An extensive search of the current literature failed
to turn up desiqn data for a complex fin-line structure with
couvpled bilateral fin-line slots at a dielectric constant of
10.2, Therefore, the bilateral fin-line is modeled as two
identical vnilateral (one sided) circuits in parallel.

Sharma and Hoefer [Ref. 11! pp., 350-355] compared

tive properties of bilateral ftin-line and unilateral fin-line

with dielectric constants of 2.22 and 3.0, An 80 ohm, 0,058

inch thick section of bilateral fin-line has 57% of the

impedance of a similar section of 0.02% inch thick

26
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urniilateral fir~line. Charging the dielectric constant to 3.0
drops the ratio to 55%Z. The same comparison with 0.025 inch
thick, 200 ohm unilateral firn-line produces an 84X r;tio at
a dielectric constant of 2,22 and a 73% ratio with the 3.0
dielectric constant.

At a dielectric constant of 10.2, the low impedance
slots should closely fit the parallel circuwit model. There
may be a sliaht error for the largest unilateral impedance
in the fin-line maqic-tee, which is 200 ohms. However, this
error should be minimal.

2. Fixtures fect on Impedance

Kuchler [Ref. 18! . 1031 compared the impedances
nf shielded and unshielded slotline with a dielectric
constant of 20. Between 10~ and 12-GHZ for a3 dielectric
thickress of 0.050 irches, the shielded and unshielded
impedances are almost indentical. The impedance of the
shielded slot is canstant to 6-GHZ. The impedance of the
unshielded slot is approximately 10% lower at 6~GHz than it
is at 12-GHZ.

The quarter wavelength impedarce matching techrnique
discussed in Chapter Two is the only type of impedance
matching used in the fin-line maqic-tee. This technique’s
simple algebric relationship will factor out ang uvniform
change in impedance. Therefeore, the fixture should rot
effect the impedance matching between the slots. There may

be a slight mismatch between the slots and the microstrip
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leads, but this mismatch should be minimal CRef, 15! p.
1031,

Based on the first two engineering‘approxinations,
all of the impedances in the fin-line maqic-tee are
calculated as slotline impedances with a dielectric
thickness of 0,025 inches. All of the slotline impedances
are exactly twice the desired bilateral fin-line impedances.

3., Length of the Coupled Slots

The electrical length of coupled slots is diffarent
irn the even and odd modes LRef. 13! pp., 541-54717, The
actual lengqth of the cowpled slots ir the slotline magic-tee
CRef, 4! po. 5273 is the aversaqe of the even and odd mode
quarter wavelenaths.

{rnorr and Kuchler [Ref. 13! pp., 944, 5451 graphed
the even and odd made wavelenqths for dielectric constants
of 11.0 and 16.0., On both of these agraphs, the average of
the even and odd mode wavelenaths is 9774 of the uneoupleﬁ
electrical lenath. This percentaae holds for a very wide
range of slot separation distances, including the separation
that is used in the fin-line magic-tee,

The lenqth of the cowpled slots in the fin-line
magic-tee is desiqned to be ?7% of the value of 3 similar
section of uncoupled slotline.

4., Dielectric Termination within the Fixture
Duwe ta the complex geometry of the fin-line

magic-tee (Fiq., 1) the conventiaonal configuration for the
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bilateral fin-line shown in Figure 11 is not feasible. The
fin-line maqgic-tee wses a3 0.02 inch aroove in the fixture
wall to support the dielectric. This qroove shorts and
electrically seals the edges of the fins,
B. EQUIVALENT CIRCUIT

The fin-line magic-tee is similar to two slotline
magic-tees placed back to back and mounted in a wavequide
fixture CRef. 4! pp. S23-5271, The equivalent circuwit for
the fin-line magic~-tee is similar to the circuwit shown for
the slotline magic-tee on paqe 525 of Reference 4, The
fin-line device is represented by two of these circuits
connected in parallel. The fin-line version is surrounded bw
a shield.

1. Theoretical Operation

An actual 131 scale drawing of the fin-line

magic-tee 1% illustrated in FiqQure 1, With the exception ot
port three, the entire magic-tee is symmetric about an axis
that extends through the center of the port four microstrip
line, The theoretical operation of the fin-line maqic-tee is

identical to the operation of the slotline maqic-tee LRef.

The microstrip leads from all four ports use the
micraostirip to slot tramsition technique discussed in Chapter
Two. The short in the loop caused by the port four
micraostrip effectively isolates ports one and two. Parts

three and four are isolated from each other by the 3/4 of a
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wavelenath distance between the short in the loop and the
short cauvsed by the port three microstrip.

Two signals that enter the coupled slots in the even
mode will couwple into port three. There will be a slight
phase shift between the two sianals in the port three
microstrip line. This error is inherent in the desian of the
device and can only be minimized by keapinag the slot
separation as small as possible. The even mode signals
cancel 3t port four due to the loop aeometry.

Two sianals that enter the coupled slots in the odd
mode will be out of phase at port three but will couple in
phase at port four, The theoretical operation of the
fin-line magic~tee is identical to the scattering matrix for
the waveguide magic-tee (Fig., 3).

2, Thecretical Impedance Matchina

The unilateral impedances in the fin-line magic-tee
are 200 ohms in the loop, 100 ohms in the slots that connect
to ports one and two, and 70.7 ohms and 141,49 ohms for the
even and odd mode in the coupled slots, respectively. These
reduce to bilateral impedances of 100 ohms, 50 ohms, 35.4
ohms and 70.7 ohms, respectively. These bilateral values are
identical to the impedances listed for the "case three'
slotline maqic~-tee C[Ref. 4% p. 5271, A detailed discusaion
of the theoretical impedance matching in the slotline

magic~tee i3 presented by Aikawa and Ogawa (Ref. 4! pp.,

524-35271.

30




T I I T AT N TN R R H TR AT TN wOYYR

There are four basic relationships that require ﬁﬁf
impedance matching Within the maqic-tee. The paths from port &qq_
three to ports one and two and from port four to ports one Tyt

and two must be matched inm the even and odd modes. Im all of

these cases the coupled 8lots act as a quarter wavelenqth

)

matching section., The impedance matchinag problem either
reduces to three series impedances of 100, 70.7 and S0 obms.
or 50, 3%.4 and 23 ohms. In all cases, the impedance of tLhe
coupled slots is the sauare root of the other twon
impedances.
C. SLOT IMFEDANCE AND ELECTRICAL LENGTH
1. Uncowpled Slots
Cohrm LRef. 16! p. 109221 qraphed slotline impedance
. and effective wavelenath for dielectric constants of 9.6 and
| 11.0., The data points on Fiqure 12 and 13 are extrapolasted
from Cohn’s qraphs for a dielectric constant of 10, a
dielectric thickness of 0,025 inches and a3 freauwency of
10-GHZ. All of the slot widths and electrical lenqths in the
fin-line maqic-tee are derived from this information.
2. Coupled Slots

A3 discussed in Chapter Two, the ndd mode impedance

of coupled slots with no separation is eaual to twice their
uncoupled impedance. Their even morde impedance with no
separation i1is one half of the uncoupled impedance of the new

larqger slot. (Ref. 10! p. 39%51.
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Krnorr and Kuchler CRef. 13! pp, 544, 5451 qraphed

the even and odd mode impedarces of coupled slots for

il
» &

dielectric‘constants of 11 and 16, A normalizad version of

-

this information is plotted in Figqure 14 for a dielectric
thickness of 0,025 inches and a freauency of 10-GHZ.

The normalization in Figure 14 is non-standard. The

PR

normalizing impedance is the slot impedance for S/D (slot
separation/dielectric thickness) approaching infinity. The
minimum value of zero is equivalent to the even mode
impedance with no slot separation. This correlates to half
of the uncouwpled impedance of a3 slot that is twice a8s wide
as the oriqginal slots. The center value of 1.0 represents an
infinite slot separation, This is eaquivalent to the
v uncouwpled impedance of each slot, The maximum value of 2.1
1 the same as the odd mode impedances with zero slot
separation. This corresponds to twice the impedance of the
uncouwpled slots.

The width of the coupled slots and the separation
between the coupled slots are determined by trial and error.
During this process impedances from Fiqurae 12 are assianed
Lo the nmormalized values of zero. 1.0 and 2.0 shown 1in
. Figqure 14. The curve for a dielectric constant of 11.0 is
§ used in this procedure. Based on the comparison between the
curves for dielectric constants of 11,0 and 14.9 (Fiq, 14),
*, little error will be induced by this approximation,

First, an arbitrary value for the uncoupled 5

impedance is chosen, To illustrate this procedure., an

- 32
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initial value of 100 ohms is uwsed f;r the uvncouwpled
impedance. The normalized impedance of 1.0 (Fig. 14) is
assianed this valuwe (100 ohms). The normalized impedance
value of 2.0 (Fig. 14) is set equal to twice this value (200
ohms) .

Second, the slot width (0.,4340 millimeters) for this
arbitrary impedance (100 ohms) is obtaired from the 0,635
millimeter curve in Figqure 12, The impedance (132.2 ohms) of
3 slot twice this wide (0.84680 millimeters) is also
caleulated from Fiqure 12, The normalized impedance of zero
(Fig. 14) is set equal to half of this value (66,13 ohms).

Third, the impedances in Fiqure 14 are now scaled
for a dielectric constant of 10; The lower portion of the
araph is linear from 66.15 ohms (normalized value of zevo)
to 100.0 ohms (normalized value of 1.0). The upper portion
is linear from 100.0 ohms (normalized value of 1.0). to 200.0
ohrs (normalized value of 2.,0), On this scaled version of
Figqure 14, an 5/D is picked that corresponds to an odd mode
impedance of 141.4 ohms, If the correct value is selacted
for the uncoupled impadance (step one), the even mode
iwpedance will be the reauired 70.7 ohms, In this example.
the normalized odd mode impedance of 1.414 corresponds to an

/0 of 0.5613 and a normalized even mode impedance of 0.4174
(Fiae. 14). This equates to an actusl even mode impedance of

40.28 ohnms.,
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Fourth, this proecess is repeated until the scaled

version of Fiqure 14 produces an odd mode impedance of 141.4
ohms and an even mode impedance of 70.7 ohms for the same
§/D. There is only one uncouwpled impedance (Fiq. 12) and one
/D (Fiq. 14) that produce this relationship for each
specific dielectric constant,

For Epsilam=10, the uncoupled impedance that matches
this criteria is 92.3 ohms. The actuwal slot width is 0.,0134
inches (0.3401 millimeters). The correct S/D is 0.4187. The
normalized impedances are 0.3383 for the even mode ang
1.5320 for the odd mode. The actual distance bhetween the
slots is 0.0105 inches (0.24659 millimeters).

The last step is to determine the slot wavelenoth
from the 0,635 nillinéter curve in Fiqure 13. The proper
value for an 5/D of 0.4187 is 0.5132 times the free space
wavelength (Figq. 13)., As discussea in the enqineerina
gpproximations section, 97X of 3 aquarter wavelenath is usad
for the lenqth of the coupled slots, This value is 0,1470
inches (3.733% aillimeters).,

All of these calculations are done on two foot by
tiwree foot computer qenerated replicas of Figqures 12, 13 and
13. The values are picked of'f of these larqe charts with
valipers,

D. FIXTURE DESIGN AND ASSEMELY
The fixture for the maqic-tee is used to hold the
fin-line monopuwlse s4stem. A 1!1 scale drawing of the

ori1qinal version of the fixture is 1llustrated in Figure 195,
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The fixture is constructed from WR-90 copper wavequide.
The two mirror image halves have 0,020 inch deep and 0,025
inch wide grooves‘in 3ll three of the edaes of the joinina
Seam.

The two sections of dielectric are placed into these
grooves. Then the microstrip launchers for ports three and
four are set into place and soldered to the microstrip
leads. Only one of the mirror image sections of dielectric
is etched with microstrip. The other piece is void of metal
on the inside.

After the two launchers are soldered in place, the
fixture is bolted together. At this point, the launchers for
ports one and two are attached,

The original desiqn used 0SM 2070-5029-02 launchers for
all four ports. With this desiqn, the launchers are held in
place by the fixture when it is bolted toqether. The
.launcher is not screwed into the fixture. This arranqement
does not provide a satisfactory electrical contact betuween
the fixture and the launchers.

The fixture was modified to accept OSM 2052-16%8-02 tuo
hele flange mount jacks. The flanqe mounted jacks are
attached to the fixxture with small screws. This
confiquration provides qQood electrical continuity between
the fixture and the connector.
€. FIN-LINE MAGIC-TEE DESIGN

1. Slotted Side

The lenqth of the loop is 3/4 of a wavelenqth from
the port three microstrip to the port four microstrip. Theo
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width of the loop slot and the separation between the two
halves of ihe loop are operator adjustable variables. The
computer proaram (Appendixx A) calculates the length of the
portions of the loop, and adjusts the lenqth of the straight
section in the loop to keep the overall length eauwal to 3/4
of a wavelenqth.

The top and bottom lengqths of the coupled slots are
vastly different. The cali ulated quarter uwave lenqth is
equal to the average of these two lenqths.

N1l of the bends in the slots are constructed in the
same manner., A line extending throuwgh a bend from corner to
corner will bisect the anqle of the bend. In this marnner.
the corners in a 90 deqree bend are offset from each other
by 45 dearees. In a8 45 deqree bend, the offset anqle is 22.5
deqrees. This arranqement insures that the slotwidth in the
bend is at least as wide as the slots that lead into the
bend.

All of these relationships are calculated by the
computer program which draws the magic-tee,

The slots that lead to ports one and Luwo are spacsd
wide apart for the first two magqic-tees and closely toaether
tor the third maqic-~tee and for the fin-line monopulse
system. In maqic-tees one and two, the slots are 0.01 inches
fron the edqe of the fixture.

In the third magic-tee and the fin-line monopulse

system, the distance from the slots to the fixture qroove 18
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e, twice as larqe a3s the distance between the slots. At #ﬁ;
' P
11.4-GHZ these distances are one half and one quarter of a L'w
._""‘\‘
EAL NS
wavelenqth, respectively, The half wavelenqth short and the St
N
quarter wave length open effectively seal the edges of the iﬁf@
SR
fins within the slot. F o
Iy " ;‘;
2. Microstrip Side Cha
(e t\&-
. . , N
The widths of the microstrip lines are takern from fig}
t‘ i‘t' *i
Saad‘s microstrip impedance qraph [Ref. 17! p. 1171,
L&
N '.‘\ "
The trarsitions from microstrip to coaxial cable are . O,

unique. The metal foil orn the slotlinme side of the
dielectric acts as the qround plane for the microstrip. Near
the connectors, this ground plane is parted in 3 "VU" shape
(Fig. 1), At the same time the width of the microstrip is :
flared a3t a lesser anqle. The flare in the microstrip is
adjusted to maintain a 50 ohm impedance at every point in
the lire.

The notcﬁ in the qround plane is flared at a 4%
dogree angle in each direction., The total anale of the notch
is 90 deqrees. The mexinum width of the notch occurs at tha
inside edqge of the fixture. At this point, the width of the
hotch exactly matches the diameter of the hole in the
Tixture wall, which exactly matches the outside diameter of
the dielectric within the flanQed launcher.

The magic-tee diclectric extends through the hole in
the fixture and tauches the launcher‘s dielectric. With this

aliqnment, the inside wall of the shield on the cnaxial
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cable transitions smoothly througqh the launcher to the edqe

of the ground plane notch.
This microstrip to coaxial cable transition

minimizes physical discontinuities that couwld cause

inductive or capacitive reactances [Ref. 18! p. 9201, This

lack of reactance maximizes the bandwidth through the

fixture wall,

F. MANUFACTURING FROCESS

A simple form of computer aided desian is adapted fbr
this project, A BASIC Computer Proaram, writtern on an HF
98458 computer (with an HP Graphics ROM), controls an HF
?872C Flotter., The plotter draws the outline of the
maqic-tee four times the actual size (4!] scale). The
outline is filled in by hand, using black marking pens. The
conpieted drawing is photoaraphically reduced.

The negatives, which are exactly 1!1 scale, are used as
etching masks., The neqative for the slot side and the
neqative for the microstrip side are taped to opposite sides
of a scrap section uf dielectric. The 2liqnmnant betueen
these two neqatives is done on a light table. The phase
Jifference at port four, between signals that or.qinate at
ports one and two can be altered by poor alignment.

The section of dielectric that is to be etched is placed
betwean the two neqatives during the etching process. Thne

completed etching is hand cut &nd sanded to fit the fTixture.
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G. COMPUTER AIDED DESIGN

N AR

A simplified version of CAD (Computer Alided Desiaqn) is

used to draw the outline of the magic-tee and fin~line

v
L ]

monopulse system (Appendix A). This process starts by
establishing an imaginary "X, Y" Cartesian Grid. Every
significant point that definee the drawing is assigned two
grid lines. One in the X-direction and one in the
Y-direction. The grid line labels start at Xa in the
horizontal direction arnd a8t Ya in the vertical direction.
The origqin of the grid is the point where the port three and
port four microstrip lines would intergect if extended. The
distances between the grid lines are defined by variables.
There are numerous points on most of the grid lines, but no
two points share the same horizontal and vertical qrid line.

Each point which defines the drawing is numbered,
starting at one, and assigned its own uniaue coordinates. If

point one lies on the intersection of Xc and Yv, then X1 is

L gl
(R

set 2qual to Xec and Y1 is eaquated with Yv. This procedure is

.t

-‘. "‘ >

rapested for every point that defines the drawing.
The awkwardness of this approach is more than offset bwu

two key advantaqes. First, the program that drawus the

DALEIOE |t £

maqic~tee is very easy to write. The command MOVE Xi, 1!

followed by DRAW X2, Y2 draws a2 line from point one to point

'.UQ.
The second and perhaps most dramatic advantaqe occurs

whern the value of one of the variables is changed. Only one
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lire in the progaram has to be chanqed to adjust the width of

Tr’?' =iy

.,,.
)

arny slot. All of the arid lines that are affected by this

(AR

ot

"

variable are automaticaslly adjusted a3 the program is

e

executed.

o,

Orce the progaram is wWwrittem, this spproach is faster

i

e
g

thsen rouwghly sketching new ideas by hand. Accurate scaled

..
I
v vrte T

-

drawinqgs showing numerous variations can bhe completed in a

few minutes without the a3id of a3 draftsman or expensive ic
[ |

drafting computer. Ej
The computer proqgram adjusts the locations of the :

-

T Y1

rumbered poinmts to compensate for half of the thickrness of

)

b

the line that the plotter makes. There ig 3lso a8 ftew t%
b

variable fudge factors that the operator can assian to any bi

point in the proaram to sccount for amomalies introduced by

PORA N

the plotter., Each finished drawing is measured under a

J: u

3

nicroscope. The variable that adjusts for the width of the L™
plotter’s pern and the fudge factors are adjusted at this -
¥4

time, 1E

The same computer proaram draws the maqgic-tee, the
fin—-line horn, and the fin-lirne monopulse system (Appendisx
A). The interactive program asks the operator a3 string of
avestions. These questions include! Which drawing is to be
made?; Which side (slot or microstrip) is to be drawn?} and
Ts it a rouqgh draft or smooth copy? The limes on the smooth

copy take considerably lomger to draw but are eittremely

securate (Appendix A).

40

TRPRPS s 350 T T 0 JATOO AT T T Nt PRCLAy Tl 7y 20 5 0ok ) 5 A WA S Wb s Jop VIR AT LT VERGEY A 14 V1A AT,



, |
L
k
L
[
[

t
!
i

The proqram can add 3 scaled three inch ruler to the
bottom of the drawing. This ruler is uwsed to chechk the
accuracy of the photo reduction. The ruler was only used on
the first photogaraphy work order. The precision work
accomplished by the Naval Fostaraduate School Fhoteo Lab is
exemplary,

He RESULTS

1. FEinture

As discussed above, the 6ri9inal fixture desian does
not provide sufficient electrical continuwity between the
launchers and the fixture. The flarnged jacks, which attach
to the modified fixture with screws, solve this problem.

The soldered joirmts irm the fixture came apart on two
occasions. Repair is extremely difficuwlt due to the heat
conducting properties of copper. The heat required to fix a
seam is sufficient to loosen an adjacent joint.

Due to the flexibility of Epsilam-10, the finxture
does not apply ernouvah pressure to make qQood electricsl
contact with the port three and four microstrip. This
problem is solved by soldering the launcher probes to the
microstrip,

2+ Magic-Tee Number One

The loop of this maqic~tee tapers into the coupled
slot reqion. The second magic-tee does not have this taper.

Other than that, the first two magic-tees are identical.
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The first magic-tee was destrﬁsed in testing. The
soldered connection on port four ripped the microstrip off
of the dielectric when the screws that attach the launcher
to the fixture were tightened.

Freliminary reflection checks on 8 scalar analyrer
were performed prior to this damage, The reflections for
this Mmagic—-tee are slightly worse thanm the similae
reflections in the second magic-tee.

3. Magic-Tee Nunbgr'Two

The slots that lead to ports ome and two in this
magqic-tee are 0.01 inches inside of the fixture wall, The
actuwal scattering matrix for this device is illustrated in
Fiqure 16, The reflections in this magic-tee are auite high.

The phase shifts are almost perfect, except for &
slight phase error associated with port four, This 16
probably cavwsed by improper alignment of the two neqatives
prior to the etching process.

4., Maqic-Tee Number Three

The closeness of the port one and two slots to the
fivture wall in the second magic~-tee cauwses an apparent
discontinuity where the fixture terminates. These slots were
set well inside the fixture on the third maqic~tee in hopes
of elininating this discontinuity,

The actual scattiering matrix for the third magic-tee

is shouwn 1n Figure 17. This maqic-tee alao has near pertect
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phase shifts. However, the reflections are a little higher A5
than they were for magic-tee number tuwo.

The actuzl phase and Maqniiude from 8- to 12-GHZ for
each of the 16 points in maqic-tee number three’s scattering
matrix are illustrated in qraphical form in Figures 18 to

33,
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IV. FIN-LINE MONOFULSE SYSTEM

A. DESIGN

The fin-line monopulse system is a combination of
fin-line magic-tee number three and two of the fin-line
horns developed by Haa in Reference B, The horns are driven
from ports omne antd two of the magqic~tee, The width of Lhe
slot in the horns is the same width as the matcohing slots in
the magic-tees The half wave lenath geometry of the fin-line
horr anegd fin-line Maqié~tee are maintained in the fin-line
monopulee system (Fig. 34). The mornopulse system is drawn at
a 231 scale, The HF-9872C FPlotter will not accommpodate &
larqger drawing.

All of the exposed edqes of the dielectric, except the
actual horn openings, are sealed with copper tape. This
prevents eneray from leaking out of the slots and destroving
tihe antarnns patterns.,

The distance between the center of the two horns is
30,44 millimeters, At 10,3-GHZ, this distance is eaqual to
1.00 wavelengths in a8ir and 3,34 wavelenqths in Epsilam-10.,
The anternnas use both air amnd dielectric to propacate the
antenmna pattern. Therefore, the effective element spacing of
the fin-line sonopulse system is between the limits of 1.05

and 3.34 wavelenqths at 10,3-GHZ.
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The E-plane pattern for a sinqgle fin-line hormn with a
dielectric constant of 10,2 is illustrated in Fiqure 6. The
associated H-plane pattern is shown in Fiqure 35, The
2ixtreme width of the H-plane pattern is due to the high
dielectric constant of 10.2, Similar horns constructed with
3 dielectric constant of 2.54, have nearly symmetrical E-
and H-plane patterns [Ref. 51, The monopulse effect of this
sustem is entirely in the E~-plare. Therefore, the wide
H-plane element pattern will produce a3 wide H-plane
monopulse system pattern,

The qain of each antenna is obtained by comparing éhe
smplitude of the antenna pattern with the pattern from a
standard qain horn,

B. RESULTS

The actuwal E- and H-plane patterns for the monopulse
system are shown in Fiqures 36 and 37 respectively., The qain
of the sum pattern is eiqht dB. This is four dE above the
element patterns A three dB improvesent is expected (Fig.
9.

The firgt nulls in the sum pattern (Fig. 36) are
approximately 29 deqrees left and vight of boresiaqht. The
element, spacing in the computer simulated sum pattern (Fiq.
38) is adjueted until the first nulls occur at plus and
ninus 29 deqrees, The corresponding simulated difference
pattern 1s shouwn iIn Fiqure 3?. The effective element spacina

that produces this matech is .40 wavelenqths.
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Thhe difference port microstrip was torn offt of the
dielectric during testina. This occurred after the patterns
in Figures 36 and 37 were taken. The damage was repaired by
soldering 8 small section of copper foil across the break,

Following this repair, the fin-line monopulse system was
tested, in an effort to find the bottomr of the difference
rnull. Fiqure 40 shows the results of this test. The recorder
gain is Maximum, and the eight dBE sum pattern is satursted
aqainst the top of the recorder, Yet, the bottom of the

difference rnuwll is still not visible.
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V. CONCLUSTONS AND RECOMMENDATIONS

A, FIXTURE
1. Conclusions

The oriqQinal fixture design is unsatisfactorw. It is
too fragile and it does not provide qQood electrical
continuity between the magic-tee and the launchers at ports
three and four. The modified fixture, which has screwed on
coaxial to microstrip lawnchers at ports three and four, is
marqinally effective.

The electrical transistions throuagh the fixture wall
st ports three and four do not appreciably restrict the
bandwidth of the fin-line maqic-tee (Fiaqs., 10-33).
Therefore, the holes in the fixture at ports three and toue
anid the notches in the maqic-tee’s around plane at ports
three and four function reasonably well.

<o Rocommendations

Testing should not be resumed until an improved
fisture is constructed., Each half of the new fixtuyre should
e machined out of a solid piece of maetal. ALl af the
lsunchers which connect to the fixture should bhe attached
with screws. A sbiff or semi-riqid dielectric should be uvsed
to avoid the necessity of soldering the launchers to the

microstrip lines. The microstrip to coaxial trensition




concept which is used in this thesis should be incorporated
in the new fixture desian.
B. FIN-LINE MAGIC-TEE
1. Conclusions

The fin-line maqic-tee worked better than expected
after only three iterations of the developmerntal process.
The phase shifte are very close to the theoretical
parameters. However, the dielectric material is too flewible
and the reflections at all four ports need to be reduced,

There are four factors that could be causing the
high relections. First, as noted in the enqineering
approximations (Chap. 3). the bilateral fin-line impedance
of the loop miaht be slightly above the desired 100 ohms.

Second, the soldered connections on the microstrip
lirnes at ports three and four probably introduce siamificant
reflections.

Third, the maqic-tee is not completely sumeteric.
The port three microstrip line couples with two slots uihile
tive microstrip at port four couprles with a8 sinqle slot.

Fourth, due to the different dielectric constants of
air and Epsilam=-10, the distr bution of the electri field
within the dielectric is not the same as the distribution of
the electric field in the air., Therefore, the reactive
interference in the air is not the same as the reactive
interference within the dielectric material. These unmatcher
reactances probably contribute to the harmonic pattern of

reflections observed at 3ll four ports (Fiqs. 18-33).
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2. Recommendations :it?
Fﬁture maqic-tees should be made out of a stiff or ?ﬁ;
semi-rigid dielectric material. The combination of a stiffer E??
material and 3 new fixture design should eliminate the need Eﬁg
for soldered connections, e
Two new magic-tees should be made with unilateral ?{§
loop impedances of 190 ohms and 195 ohms. Tests of these ;ig
tees will help identify the proper unilateral loop impedance gﬁﬁ
and check the accuracy of the first engineering E%
approitimation. %?E
Tuwuo sections of dielectric material which are S0

.

totally void of metal foil can be added to the outsides of
the existing two sections of dielectrics In this
confiquation, the slots will be totally ;urrounded by the
same dielectric constant. This showld improve the symmetru
of the electric field distribution near the slots., thereby
reducing the amount of reflected energy within the
magic-tee.
C. FIN-LINE MONOPULSE SYSTEM
1. Conclusions

The performance of the fin-line monopulee systen ia
very satistactory., The null in the difference pattern is
more than 40 dbB below the peak of the sum pattern at
10.3-GHZ (Fiq., 40), This deep unmeasurable null which
exactly splits the main peak of the sum pattern (Fig. 40) is

the ossence of 8 Qo0od monopulse antenna. The minor problems
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caused by high reflections shouwld be resolved when the
fir-line maqic~-tee is improved.

The peak in the fin-line monopulse s4ystem’s
difference pattern is approximately nine dB lower than the
peak in it‘’s sum pattern (Figq. 36). This d;fference is
approximately three dB more than the corresponding
relationship in Skolnik‘’s patterns [Ref. 7! pp. 17-231s The
fin-line comparator’s weak difference pattern is probably
the result of reflections caused by the larqe quanities of
solder on the port four microstrip line. The shape of the
fin-line monopilse system’s sum and difference patterns and
the exact centering aof the difference nell are almost
identical to Skolnik‘’s illustrations.

Skolnik Cref, 7! pp. lb—ZBJ shows that the second
null in @ theoretical sum pattern is not present on an
actual monopulse pattern. This effect is roughly reproduced
in this thesis (Figs., 346 and 38), The second and third peaks
in the simulated sum pattern (Fiq, 38) are at 40 and 72
deqrees respectively. Corresponding peaks are evident at 50
and 77 deqrees on the actual pattern (Fiq, 36), The actual
pattern i3 filled in between these two peaks just as Skolnik
pradicted.

As discussed in Chapter Four, the effective elenent
spacing at 10.3-GHZ is 1.460 wavelenqths. This is 152% of the
element spacing in air and 48X of the element spacing in the

dielectric. These percentages sre probably a function of the

50



dielectric constant, Therefore, the effective element
spacina of the fin-line mMonopulse system can probably be
controlled by proper selection of the dielectric constant,
2. Recommendations

The Tin-line monopulse system should be enlarqed to
include two orthuganal difference povrts, This will make it
vseful as a target tracking antenna LRef. 7! pp. 10-231.
The diamond confiquratior shoun in Figqure 4 and the square
desian illustrated in Fiqure 3 can both he adapted to the
Tin=line monopulse technique.

a, Diamond Fin-Line Monopulse System

A simple arrangement of four horns connected to
three fin-line maqQic-tees can be constructed uwsing a
semi-riqgid dielectric material., This configuration will
consist of two of the fin-line moncpulse comparators
developed in this thesis placed side by side. The difference
ports of these two comparators will be the elevation and the
azmsith porta for the new three port system. The sum ports
will connect to the inputs of the third maqic-tee. The third
maqic-tee’s sum port will be the system’s sum port. Tha
difterence port of the third magic-tee will be loaded.

The individual azimuth and elevation comparators
will be electrically orthoqonal to esach other if they are
2ach twisited 45 deqrees in opposing directions. The tuwisting
should be confined to the area between the fixture and the

horns, In this confiquration the tuwo qroups of antennas will
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be orthoqonal to each other, yet all three magic-tees will
be in the same plane.
b. Square Fin-Line Monopulse System
A dual plane fin-line monopulse system
constructed out of semi-riqgid dielectric material is
illustrated in Fiqure 41. The dielectric material will have
to e flexible enough to bend, et riqid enouqh to provide

qQood electrical contact between the microstrip lines and the

launchers. This device will reauire careful enqineerinq to
properly aliagn the sheets of dielectric material. Once these
problems are solved, mass production should be easy.
D. COMFUTER AIDED DESIGN
1. Conclusions
The computer aided desiqn portion of this thesis 1s
useable, however it shouvld be enlarqed to include more of
the design process.
2. 2CoM 3 rn
Figures 12, 13, and 14 shouwld be modified to include
3 wider range of dielectric constants and dielectric

tnicknesses. The data in the rew versions of Fiqures 12 and

13 cenn probably be represented by simple algebraic eauvations s%'
o
{Ref. 10 pp. 226-228], The new version of Figure 14 could ,§§
ks
be approxdimated by exponential equations. The four step z%“

trial and error process presented in Chapter Three and the . éi.
des13n parameters for the fin-line horns (Kef. 51 can F4S

probably be written in the form of a3 short computer proaraem.




information should be computerized and added to the exxisting
proaram (Appendix A),

The improved version of the computer aided design
proaram could ask the operator} Hhat aain/beam width
combination is desireé for the fin-line monopulse system?
The proaram could then recommend the approriate dielectric
constant and prompt the operator to place the paper on the
plotting table. Khen the first drawing is finished, the
proaram could prompt the operator to chanae the paper. Using
this concept, made~-to-order monopulse target tracking
antennas could be inexpensively mass produced in a matter of
days.

E. MEETING THESIS OBJECTIVES

Haqic~tees number two and three and the monopulse susten
satisfy the first obyective listed in the introduction. Tihe
sum and difference patterns (Figs. 36, 37, and 40} are
better than expected for limnited iterations of the desiqn
process. They meet the second objective. The interactive
computer aided design proqram (Appendix A) satisfies tihe
third ob,ective. The recommendations presented in thais

chaptar Tulfill the final obiective of this thesis.,
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APPENDIX R -
COMPUTER PROGRAM LISTING g
MSEL TNESIS

FIN-LINE MAGIC TEE, FIN-LINE NORN AND
FIN-LINE MONOPULSE SYSTENM

BY LCDR JAMES M. ROWLEY
AUGUST 1983
NAVAL POSTGRADUATE SCHOOL, MONTEREY, CA.
CHRITTEN ON AN NP=98433; WITH AN NP-9872C PLOTTER)

NI8C. PROGRAMING INFO!

THI® PROGRAM 18 WRITTEN IN. “DAOIC". TNE FOLLOWING RULES APPLY:

i
'

'

|

'

'

'

'

'

'

'

'

'

'

'

|

'

:

! BUILT IN COMMANDS: TNE ENTIRE WORD 18 IN UPPER CASE LETTERS,

' DEFINITION OF NON-STANDARD BUILT IN COMMANDS:

' ATHC): RETURNS THE ARC TANGENT OF THE VARIABLE IN TNE BRACKETS.
' MOCALE A,Bt PLOTTER I8 SCALED IN MILLIMETERS. THE ORIGIN 10
' *A* MILLIMETERS LEFT AND *3° MILLIHETERS UP FROM THE LONER
' LEFT NAND CORHER OF TNE PLOTTING AREA. WNEW “MSCALE® IS

' USED, ALL UNLABLED UNITS IN THE PROGRAM ARE IN MILLIMETERS,
' PLOTTER I8 °*; COORDINATES THE COMPUTER AND THE PLOTTER.

' DEG: TELLS TNE COMPUTER TNAT ALL ANGLES ARE [N DEGREES.

'

'

'

'

)

'

'

'

'

'

'

'

'

X

VARIABLES: ONE UPPERCAGE LETTER FOLLOWED 3Y NOTHING, OR FOLLOWED
BY A OTRING OF LOWERCASE LETTERS AND-/OR NUMBERG. A VARIAMLE
CAN BE UP TO 1S CHARACTER® LONG. IF A VARIABLE 18 ENDED IN A
DOLLAR @IGN ¢8), IT 18 A STRING VARIADLE. DUE TO THE EXTREMELY
LARGE NUMBER OF VARIABLES IN TNI1® PROGRAM, THEY ARE DEFINED AND
ASGICGNED INITIAL VALUES AT THE SAME TIME. THIS PROGRAM DEFINES
KEY POINT® IN TERMS OF *X* AND °*Y* REFERENCE PLANES. TNESE PLANES
ARE DEFINED B3Y A COMBINATION OF A FEN KEY DIMENSIONS. THIS CNANGE
OF VARIABLE® APPROACN HAS USED TO FACILITATE FUTURE DESIGN
MODIFICATIONS., A FOLLON ON PROGRAMER CAN CNANGE ANY ONE OR MORE
OF THE XEY DIMENSIONS IN THIS PROGRAM AND THE ENTIRE DRAKING WILL
3C AUTOMATICALLY ADJUGTED. THI® 18 A LIMITED APPLICATION OF CAD
CCOMPUTER AIDED DESIGM),

!

| STEP ONE: DETERMINE WMICN DRAHING TNE OPERATOR DESIRES.

INPUT *MAGIC-TEE (TEE)>] NORN CNORNY; OR MONOPULSE OYOTEM (MONOX?*,Draving$
IF Dravingses*TEE® TNEN 300 .
I1F Dravingss*HORN® TNEN 300

17 Drawingss*NONO® TNEN SO0

GOTO 430 IASK QUESTION UNTIL PROPER REPLY 18 GIVIN,

INPUT *BRAK FPIM=LINE OR MICROSTRIP SIDE? (F/N),CONT®,Sides

I1F Gidess*F® TNEIN 3350

IF Sidesa*N® THNEN %350

GOTO BSOIMRONG REPLY,

!

INPUT *DRAN RULER AND CONMENTS? (Y/H),CONT® Rulers
+ 1F Rulerss®Y® TNEN €SQICNECK FOR PROPER REPLY,

IF Rulerses®H® TNEN €88

GOTO 830 I1AGK OUESTION UNTIL PROPER REPLY IS GIVEN.

!

INPUT *QUICK LINE €1, OR PRECISION LINE (4)°,Linenuader

1F Linenuabers] THEN 668

IF Linenuadersd TNEN 640

GOTO GOBIASK UNTIL VALIJ REPLY GIVEN,

Seguentisizes, 04 IDIOTANCE DETHEEN THE DOTS, IF A DOTTED LINE 18 USED.

!
I OTEP THO! ADJUST THE GENERAL LAYOUT OF THE BDRANING,
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g

AR

L aoF

679
600
690 .
700 .
710
720
730.

750
760
770
700
790
600
gle
020
830
840
, 0%e
960
070
80
890 .
900
910
920
930
940
950
960
97¢
900
94 .
1000
1010
- 1020
- 1036
i-*. 1040
1050
1060
1070

1090
1100

1120
1130
1140
1150
1160
1170
1100
1190
1200
1210
1220
1230
1240
1350
1260
1270
1200
1290
1300
1310
1320
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!

| THIS SECTIOH CONTAINS REQUIRED COMMANDS FOR COM™ .,ER/PLOTTER
| COORDINATION AND GENERAL COMMANDS AND VARIABLES TNAT ARE .

| USED TO ORGANI2E TNE DRAWING.

PLOTTER 18 "9872R* (COORDINATES COMPUTER AND PLOTTER.

-
AN
o

i3

DEG 1ALL ANGLES IN THE PROGRAM ARE IN DEGREES.

Titless*3" ITNIS WILL BE PRINTED ON THE DRAWING.

Flips] I«1 PUTS THE SUM HOTCH OH TNE OPPOSITE SIDE.

Xcenters02 ICEHTER OF DRAWING ON PAGE IN mm FROM LOWER LEFY,

Yeenters95 ICENTER OF DRAWIHG OH PAGE IN mm FROM LOWER LEFT,

MSCALE Xcenter,Ycenter IPOSITIONS THE DRAWING OH THE PAPER,

Scalen] ITHE ENTIRE DRAWING IS SCALED TO THIS FACTOR. i

Mu=Scale IDEFINES MmsMILLIMETERS (DRAWKN TO SCALE), Eq?

Ine28,488¢cale IDEFINES In=23.4 MILLIMETERS = INCH (DRAWH TO SCALE)>. :; -

LIHE TYPE Linenumber,Segments!ze . ;ﬁﬁ
| IF Linenunber EQUALS "1%, TNE PLOTTER WILL DRAW ;\%‘
I A REGULAR LINE., IF Linenumber EQUALS "4", THE Y
| PLOTTER WILL DRAW A DOTTED LIHE WITH OVERLAPPIHG ;fl

DOTS. THE DOTTED LIHE ELIMINATES PEN OSCILLATION
{ ERRORS, AND PRODUCES A VERY HIGN QUALITY SOLID LIHE.

‘;":r-

2,00 & al
T TS
;

s
lr:lr

L

|
!
: STEP THREE: DEFIHE THE DIMENSIONS OF THE DRAWING.

v

| *THE FOLLOWING VARIABLES DESCRIBE THE EHTIRE DRAWIHG., TNE REST OF THE
! PROGRAM USES THESE VALUES TO CONSTRUCT THE DRAWIIGS. '
! AHY CHAHGE IN THESE VARIABLES HILL RESULT IN ALL ASSOCIATED PARAMETERS
! IH THE DRAWIHG BEIHG ADJUSTED AUTOMATICALLY.

| VARIABLES ASSOCIATED WITH THE MAGIC TEE END IH A "t" SUBSCRIPY.

! VARIABLES ASSOCIATED WITH THE SINGLE HORN END HITH AH “h" SUBSCRIPT,
|

!

|

!

|

!

E

P

VARIABLES ASSOCIATED WITH THE MOHOPULSE SYSTEM END IH AN "mh"
SUBSCRIPT,

UGER DEFIHED VARIABLES:

relo.2 IDIELECTRIC COHSTAHT, Er IS OHLY USED
. | TO CALCULATE THE TEM WAVELEHGTH IH
! TNE MICROGTRIP LIHES.
Lanbdazeros26.3060Mn IFREE QGPACE UWAVELEHGTH AT 11,4 GHZ,
LanbdadsLaabdazero/SAR(Er) ITEM WAVELEHGTH, .
JQucoupledsiotss, 4998sLanbdazeros4 IQUARTER WAVELEHGTH IN COUPLED SLOYS. Q3
| 4990 18 97% OF THE VALUE FOR A
I SINGLE SLOT THAT 1@ HOT COUPLED.,

Quioops.6360¢Lanbdazero/d IQUARTER WAVELEHGTH IH LOOP $LOTS. -

QualcrostripsLanbdad/4 IQUARTER WAVELEHGTH IH MICROSTRIP (TEM). A W

Quhornslote,S216sLanbdazeros4 IQUARTER WAVELENGTH IN 108 OHM SLOTS. Ei%

| : )

! THE FOLLOWIHG DIMEH@IOHS ARE EXACTLY MATCNED TO THE SI2E OF THE FIXTURE} o

Ate, 16321 INIDTH OF THE HOTCH IN THE COPPER FOIL THAT MATCHES THE _é
| HOLE IH THE FIXTURE THAT COHHECTE THE DEVICE TO THE J

| COAXIAL LAUHCHER.
3te,023041n IKIDYH OF THE MICROOTRIP TRAHSITIOH AHD OF THE WIDTH '
| OF THE CEHTER COHDUCTOR IH THE COAXIAL ADAPTER.
Cis.93sIn ITHICKHES® OF THE FIXTURE WALL THAT 18 BEYOND THE
! SUBOTRATE GROOVE.
Dts,22¢1n IDISTAHCE FROM CEHTER OF DIFFEREHCE PORT TO THE EDGE
| OF THE DIELECTRIC THAT 18 IHOIDE OF THE FIXTURE.
Eve, 7708 ILEFT EDGE OF THE OUBSTRATE TO THE CEHTER OF SUM PORT,

| THIS VALUE MAKE® THE OUM AND DIFFERAHCE PORTS
| APPROXIMATELY THE SRME LEHGTH.
Fisl.Ssln ICEHTER OF SUM THE PORTY TO THE RIGHT EDGE OF THE FIXTURE,
| THIS ALLOWS SUFFICIEHT ROOM TO MOUNT THE FIXTURE
| HHILE TAKING AHTEHHR PATTERHS.

Gres,Seln {ALLONS ROOM FOR LAUHCHER® OH RIGHT OIDE OF PORTO IL2.
Glva,208In IALLONS ROOM FOR LAUNCHERS ON LEFY SIDE OF PORTS 142.
t
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1330
1240
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1430
1469
1470
1400
1490
1500
1510
1520
1530
1540
1350
1560
1570
1508
: 1590
o 1689
2 1610
w 1620
X 1630
X 1640
1658
1668
1670
1600
1699
1708
1710
1720
1730
1740
1758
1768
1770
1700
1796
1000

1020
1030
1040
1058
1060
1070
1000
1990
1900
1918
1920
1930
1940
1930
1960
1970
1960

1019 .

|
| THE FOLLOWING DIMENSIONS DEFINE THE LAYOUT OF THE MAGIC TEE;
| THREE DIFFEREHT VALUES FOR Ht¢ ARE GIVEN. PICK THE APPROPRIATE OME.
| Nvel, J117¢Mm IWIDTN OF 160 OHM LOOP SLOT.
| Ntel.674eMm IWIDTH QF 180 OHM LOOP SLOT,
Ntw2,0364Mm INIDTH OF 200 ONMM LOOP SLOT.
1=, 340¢Mn INIDTH OF TME COUPLED SLOTS.
J1®,43993%HMn INIDTH OF THE 100 OHM "NORN" SLOTS.
Kt=,20862Mm tWIDTH OF MICROSTIP.
Lt=,9781%1n ILEHGTH OF TNE TRANSITIOH IN THE SUM AND DIFFEREHCE
] t MICROSTIP LIMES.
Mre2, 3400w IDISTAHCE BETWEEH TNE SLOTS IN THE LOOP.
HreNt+Mt/72=C12+0172) IMAKES ANGLE BETWEEN PTS 36,37 AND 30 133 DEGS.
Ote, 2664Mm IDISTAHCE BETWEEN COUPLED SLOTS.
Ptel, SsMm IWIDTH OF TNE ISOLATION SLOT.
Qte,98(Dr=J¢) IMAKES TNE PARALLEL SLOTS I/4 WAVELENGTH APART AND
! AND HALF A WAVELENGTH FROM FIXTURE WALLS AT 11.4 GHZ.
Re=,2301n IDISTANCE BETWEEN FIXTURE AHD FIRST CORNER IH SLOTS.
Ste, 2010 IDISTAHCE FROM FIXTURE TO VERTICAL SLOTS.
{F Rte. 101n>St THEH Sta=Re+,1#IntALLOWNS ROOM FOR LOWER EKEHD IH THE

1 IN THE INPUT SLOTS (OUTSIDE OF FIXTURE).

Tie, 381N ISIDE OF 43 DEGREE CUTOUT,
Uts@#in ILEHGTN OF VERTICAL SLOTS.
Vie{Sain INALF OF TNE SEPARATION BETHEEH TNE "HORN" SLOTS.
| THE HEXT LINE INSURES ADEQUATE SEPARATIOH BETWEEN THE TIPS OF THE
| MICROSTRIP TNAT EXTENDS FROM PORTS ONE AND TWO.
CIF v, 23%]n TNEH Vi=,38#1n
Wie, Seln tDISTAHCE FROM “HORN® SLOTS TO EDGE OF DIELECTRIC.
! THIS ALLOWS SUFFICIENT ROOM TO MOUHT THE LAUNCHERS.
1
| THE FOLLOWING LIHES DEFIHE TNE NORH.

Angleh=9,1 INALF OF THE NORN ANGLE.

Hheg INheLambdadsLENGTN OF NORN FLARE (Bh),
!
| THE FOLLOMIHG DIMEHSIONS ARE USED TO ADD TNE MISC. DATR TO THE DRAWING.
Sixteenthe]/t164In (USED TO BUILD RULER AT TNE BOTTOM OF THE DRAWING.
Opace=,078in ISPACES THE COMMENTS AND RULER AWAY FROM THE DRAWING.

1 !
| TNE FOLLOWING VARIABLES ARE COMBINATIOHS OF TNE USER DEFINED VARIABLES,
| AHD/OR SNORT VARIABLES TNAT REPLACE LOHGER MORE DESCRIPTIVE VARIABLES.
|

Bat=Quaicrostrlp ILENGTH OF HICROSTRIP OVERLAPS.

3bt=Quhornsiot ILENGTN OF HORH SLOT OVERLAP,

! ’
THERE ARE TWO VALUE® FOR Bet AND Bdt GIVEH. ONE SET MAKES A TAPERED

LOOP, AHD THE OTHER SET MAKES A HON-TAPERED LOOP A® INDICATED. PICK
THE DEGIRED TYPE OF LOOP GEOMETRY.

TAPERED LOOP:
Angle® 18 THE AHGLE USED TO DETERMIHE Bct AHD Bdt. 1T 10 OHE HALF OF TNE

AVERAGE OF THE THO AHGLES FORMED 3Y POIHTS §0,21,22 AHD 36,37,30. 3¢t
AND Bdt ARE USED TO MAKE A OMOOTH TRAHSITIOH AROUND TNE CORNERS 1IN

THE LOOP.

BcteNL/TANCANG1e®) ITHE OFFOET AT THE RIGHT SIDE OF THE TAPERED LOOP.
Bdialt/TAHCANGY @0) 1O0FFSET AT EDGE OF TAPERED LOOP.

| NOH~-TAPERED LOOP:

Angl e@8=ATH(HL/(NL ¢Ht/72-C14 400 /2))) IFOR HOH-TAPERED LOOP.
BetaNLaTANC4S=Angle88/2) 1FOR NON-TAPERED LOOP.

3dLeHt 7COBCANG1e08) -1t aTANCANG! ¢08) IFOR HOH-TAPERED LOOP.
|

|
BetmJesC08Ca3) -1 JOFFSGET AT LEFT EDGE OF COUPLED SLOTS. .
BfteQucoupledsiota=Bets2-3dt 72 ILENGTN OF TNE TOP OF TNE COUPLED 6LOTS,
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1990  BgveTAH(22.3)4J¢ “{OFFSEY FOR 4S5 DEGREE BENDS IN 100 OHM SLOTS:
i

2000

2010 1 .

2020 ! TNE FOLLOWING CALCULATIONS MAKE TNE CENTERL!NE OF THE LOOP 374 OF A
2030 | WAVELEHGTH LONG.

2040 Arco(Mu+HL)#PLI/4-Kev2 1ARC LEHGTN, EXCLUDING PORT!OH THAT OVERLRPS THE

2050 | MICROSTRIP.
2068 SlantpartofloopsSAR((NL+Bct/2-BdL 2)42+((Me+HL-08=-10)/2542) ILEHGTH OF TNE -
2070 . I SLAHT PART OF
2080 - ) ! THE LOOP,

2090 . | MEASURED ON
2100 ! CENTERLINE,

2110 Flatpartofloops3squloop-RArc-Slantpartofioop-Bdi/21RDJUSTABLE PART OF LOOP,
2120 DhtaFlatpartofloop®Bets2 ITNIS MAKES TNE LOOP 374 OF A HAVELENGTN LONG.

2138 | :
2140 BitaDi-Gu-lt-0t/2 ILENGTN OF 45 DEG SLOTS CIN THE "X* AND "Y* DIRECTIONS)

2150 | THAT ARE IHSIDE OF THE FIXTURE.

2160 BJtsDei-Qe=J¢ ! DISTRHCE FROM CENTERLINE TO INPUT SLOTS (IHSIDE OF

2170 I OF TNE FIXTURE).

2180 DkisSi-Re {LENGTH OF LOWER 43 DEGREE SECTIOH (IH "X" AHD “Y*

2190 | DIRECTION) THAT IS OUTSIDE OF THE FIXTURE.

2200 BltsVi-Bji-Bkt-Us ILENGTH OF UPPER 45 DEGREE SECTION CIM THE *X* RHD "Y*

2210 | DIRECTION) THAT ARE OUTSIDE OF THE FIXTURE.

2220 'nllZ“ SelDe=Qt=Je-Pt/2)-0tr/2 |IDISTANCE FROM COUPLED SLOTS TO THE

2270 ! TIP OF THE ISOLATION SLOT CIH THE "X*

2246 . .1 DIRECTION),

2250 I CIN TNE *X" AND "Y* DIRECTIONS),

2260 Bntepis2 ILENGTN OF TNE VEE AT THE END OF THE ISOLATION SLOT,

3270 | Bnt KEEPS TNE SLANT PORTION OF THE ISOLATION SLOT

2260 t AND TNE HORIZOHTAL PART OF TNE ISOLATION SLOT

2290 ! EQGUADISTANCE FROM TNE 100 OWM SLOTS C(IHSIDE OF TNE

2300 I FIXTURE), :
2310 | ' AL

2320 | THE FOLLONING ARE COMBDINATIONARL NORN VARIAILES.

2330 IF Dravings$s"HORH" THEH 2368 | USED TO MATCN HORN TO FlXTUR!.

23490 Ah=Q¢ INIDTN OF NORNS MATCNES FIXTURE FOR MAGIC-TEE.

233¢ GCOTO 2379

2360 AhaDL~Jus2 (NIDTH OF NORN STRIP FOR SINGLE NORN,

2370 BhsNhelLambdad ILENGTH OF NORN FLARE FROM Xoh.

2300 Ch=Ah#SIN(Angleh) ILATERIAL OFFSET DISTRNCE RT END OF HORN.

2390 DhsAn#COSCANngien) IVERTICAL OFFSET DISTAHCE AT EHD OF NORH.

2400 EhsBheSINCANgleh) THALF OF HORH APERTURE,

2410 FhaBheCO0S<Angleh) I1HORIZONTAL LEHGTN OF NORN FROM Xeoh.

2420 | i

2430 | :
2440 | TNE FOLLOWIHG LINE PLACES A CONDITION OH THE LENGTN OF Gis, TNIO I .
2450 | DOHE TO ALLOW SUFFICENT ROOM BETWEEH TNE MICROSTRIP CROSSIHG POINT,
2460 | AND TNE 43 DEGREE DEHD IH TNE SLOT TO TNE LEFT OF THE MICROSTRIP,

i :
2470 IF GledSteJoedlcoSiMm TNEH GleasSeeJeeBlceSeNm Y
24008 ! i
2490 |
235080 ) STEP FOUR: DEFINE "X" AND "Y" PLANES IN TERMNS OF VARIADLE® LISTED ABOVE.
23510 1} ALL OF TNE POINHTS TNAT WILL DE USED TO DEFINE THE DRAKING g
2520 ) SHOULD 3E OH THE IHTERSECTION OF THO OF TNESE PLAHES. OTHER
2530 | POIHTS CAH BE DRAHH TOO, BUT OHLY (F TNEY ARE DEFINED RITNIN . L
2840 | TNE "DRAL" COMHAND (TNIS SNOULD BE AVOIDED, A® IT KILL DESTROY £
233¢ | TNE "CAD" ASPECT OF TNIS PROGRAM), +
2368 |
2376 Xov=0 1SETS LOCATION OF DRAKING MITH RESPECT TO TNE ORIGIN,
2308 XateXot~EL-Ct ILEFT EDGE OF DIFFERENCE PORT,
2398 XbiaXor~Et ILEFT EDGE OF TNE DIELECTRIC WITNIN THE FIXTURE,
2600 NcisXbyiolt ITIP OF THE DIFFERENCE NOTCN.
2610 XdiaXot-Ki72=Ni-Bht ICEHTER OF TNE LOOP NALF CIRCLE.
2628 Netuddi=-ML/2+Bat {EDCE OF DIFFERENCE MICROSTRIP,
2630 XfteXdieBhi-Det {LOKER LEFT LOOP CORHER.
2640  XgiaXdiedne {UPPER LEFT LOOP CORHER,
57
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26690
2679
2600
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2740
2759
2769
2779
2700
2799
2809
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2029
2830
2840
2059
2069
2079
2009
20990
2900
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2948
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2969
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%0
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3290
300
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L3 Al
{kfxin;x\hﬁsfar,

Xhys)or=Av/2

KiseXov=Bt/2 ILEFT EDGE OF SUM MICROSTRIP TRANSITIOH.
Xjvm¥ot=Kis2=-Bdi ILOHER RIGHT LOOP CORMER.

Xkt=Xot=Ksr2 ILEFT EDGE OF SUM MICROSTRIP.

XltaXot +Kt /2 IRIGHT EDGE OF SUM MICROSTRIP.
Xmv=Xot¢Br/2 IRIGHT EDGE OF SUM MICROSTRIP TRAHSITION.
Xnt=Xot +ALs2 IRIGHT EDGE OF THE TAB OF DIELECTRIC ON TNE SUM PORT.
Xpt=Xot =Kt/72¢Bft IUPPER RIGHT EDGE OF COUPLED SLOTS.
Xqt=XpteBet ILOMER RIGHT EDGE OF COUPLED SLOTS.
Xrv=XpteBit IUPPER LEFT EDGE OF "IHPUT" SLOTS.
XsteXprL+Bgt ILOWER LEFT EDGE OF "INPUT" SLOTS.
XevsXqt+Bat ILEFT TIP OF THE ISOLATIOH SLOT.
Xuts¥ve+dng ISTART OF ISOLATION SLOT TIP.

XvisXos ¢F ¢ IRIGNT EDGE OF THE FIXTURE.,

XussXut +Re IUPPER RIGHT EDGE OF- "IHPUT®" SLOT.
Xxt=Xut +Bgt ILOWER RIGHT EDGE OF ™INPUT® SLOT,
Xytaxur +Te ITOP OF 43 DEGREE CUTOUT.

XztsXut ¢St ILEFT SILDE OF VERTICAL SLOT.

XaateXzo¢Je IRIGHT SIDE OF VERTICAL SLOT.
XabvsXaat+Bit=3gt ILEFT EDGE OF UPPER SLOT CORHER.
XactsXaatedit IRIGHT EDGE OF UPPER SLOT CORNER.
XadtaXue +Glt ILEFT EDGE OF IHPUT NOTCN.

ILEFY EDGE OF THE TAB OF DIELECTRIC OH TNE.SUH PORT,

XaevsXadt +AL/72=3v72 ILEFT EDGE OF IHPUT TRANSITION.
XafisXadyeArs72-Kvs2 ILEFT EDGE OF INPUT MICROSTRIP.

Xagi=Xadv+Atr2
Xaht=Xagt+Kt /2
Xatva}ageeBrr2
XajisXadt ¢At
XakteXaht+Bbt
XaltsXajreGrt
|

ICEHTER OF IHPUT HOTCN.

IRIGNT EDGE OF INPUT HICROSTRIP.
IRIGHT EDGE OF IHPUT TRANSITION.
IRIGHT EDGE OF INPUT NOTCH.
IRIGHT EHD OF SLOTS,

IRIGHT ELZE OF DIELECTRIC.

!
XohuXut +Ch=Jt /(28 TANCARgIeh)) IRPEX OF HORN OPEMING ANGLE

XahsXoh+Fh
XbheXah=Ch

i REFERENCED TO ZDGE OF FIXTURE,
IOUTER E£DGE OF NORH OPENING.
IUPPER OUTER EDCE OF HORH.

XchaXoheJvs¢20 TANCANGIeh)) IHORH MOUTH,

XdhsXch=Ch
XehaXkt =Bbt
|
|

XusheXut =TANC(22,S)sLanbdads2 1USED TO MOVE X34y LEFT TO X34mh,

INORN/F IXTURE JOINT,
IEND OF NORN SLOT.

XxmheXxt +Lanbdade (SQRC, 3)=.128) IMOVES X238t RIGHT TO X23mh.

¥zsheXzt=Lanbdad’2
XaasheXaatr+Lanbdad’2

XacmheXact ¢+ TANC
|

|

Yor=9

YataYatsVieJe ol ITOP OF TNE DIELECTRIC,

YhtuvYat=(Ctelt)
YereYar=Tt
YdiuYot+VieJr
Yeta¥Yot oV
YfysYer=Bitelgt
YgtaYet=B14¢
YhiaYot ¢Dt¢Ct
YitsYet=Bat
Yitmyor+Dt
YktuYot¢Bjt ekt
Yiteyky=Bgt
Yatu¥jt=lt
YniaYot ¢Av /2
YpieYotelL /724Ny
YqteYjs =0t

R R Y

1TIP OF IHPUT NOTCN.

IBOTTON OF 4S DEGREE CUTOUT.

IUPPER EDGCE GUF THE NORN SLOT.

ILOWER EDCE OF TNE HORN OLOT.

LUPPER EDGE OF YNE UPPER OLOT CORNER,

ILOKER EDGE OF THE UPPER SLOT CORNER.

ITOP EDGE OF UM PORT DIELECTRIC.

JJEND QF PORT QHE MICROSTRIP,

ITOP OF DIELECTRIC IH TNE FIXTURE.
+3gt IUPPER EDGE OF LOWER SLOT CORNER.

1LONER EDGE OF LOWER SLOT CORNER.

ITIP OF QUM NOTCN,

ITOP EDCE OF THE DIFFERENCE PORT DIELECTRIC TAD,

ITOP EDCE OF TNE SLOT IN THE LOOP.
ITOP EDCE OT THE INPUT OLOT.
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IUSED TO MOVE X32t/X33% LEFT TO X32mh/X3Imh,
IUSED TO MOVE X26t/X27¢ RIGHT TO X2€mh/X27mh.
Xabah=Xabt=TAN(22. 5)#(Lanbdads2) IUSED TO MOVE X3t LEFT TO X3imh,
22.3)8(Lanbdads72) 1USED TO MOVE X204 RIGNT TO X20mh,

A%l

I




B,

5

f:f:

'r :&‘:&"
3318 YrtiaYji=Qt-Jt tLOKER EDGE OF TNE INPUT SLOT, B
33280 YstisYot+Mus2 ILOMER EDGE OF THE LOOP SLOY, v{éﬁ
3330 YitisYot+Ptr2 {TOP EDGE OF THE ISOLATION SLOT. o d? N
3349  YutsYot+0ts2+1¢ {UPPER EDGE OF THE COUPLED SLOT, ¢
3358 YuisYot+Bt/2 |UPPER EDGE OF THE DIFFERENCE PORT CENMTER CONDUCTOR., N k
3368 YutisYot+0t1/2 ILOMER EDGE OF THE COUPLED SLOT. j¢:é,
33790  YxtaYot+Kes2 {UPPER EDGE OF THE DIFFERENCE MICROSTRIP, RECy
3380 YyisYot-Kt/2 ILOMER EDGE OF THE DIFFERENCE MICROSTRIP, S8
3398 YzisYor-Dir2 ILOMER EDGE OF DIFFEREHCE PORT CENTER CONDUCTOR, e$$$
y 3488 YaateYor-0ts/2<1t-Bat|END OF SUM PORT MICROSTRIP, 1%

3418 Yabts-Yit {END OF PORT 2 MICROSTRIP. :xﬁﬂ
3428 Yactu-Ybt ITIP OF LOWER INPUT HOTCH CUSED TO DRAN MICROSTRIP). ¥
3430 Yadts-vat 1BOTTOM OF LOWER INPUT PORT. row
3448  YaetsYadt-Space ITOP OF THE RULER, At
3430 YaftsYaet-29Sixteenth ILOWER TIP OF A RULER MARK, J*
3460 YagtaYaft-Sixteenth ILOMER TIP OF A RULER MARK. e
3478 YahtsYagt=-Sixteenth ILOKER T1P OF A RULER MARK. L
3488 YaltsYaht-Sixteenth ILOMER TIP OF A RULER MARK. el
3498 Yajtavalt-Sixteenth ILOMER TIP OF A RULER MHARK. . Sy
3580 YakteYaet~,57?%1In {FIRST LIHE OF WORDS UHDER THE RULER. {
3518 Yalt=Yaet-,?2¢ln ISECOND LINE OF WORDS UNDER THE RULER. .
3820 | e
3%30 | e
3540 YohsYot ICENTER OF HORN, O
3350 YahaYoteJir2 ITOP OF NORN $L.0T. o
3568 YbhaYot+Eh 1END OF NORN OPENING, o
3570 IF Drauing$s"MONO® TNEN 3600 WG
3380  Yche=yyt IPLACE WHERE HORMN JOIH® THE FIXTURE. =
3390 COTO 3¢10 .
3638 YchsYot+Qt+J1/2 ITHIS KEEPS THE COPPER Lambdads/2 ADOVE THE $LOT.
3618 YdhaYbh+Dh 1TOP OF HORN,
2620 !
3630 |
3640 YdmhaYdt+Lanbdads2 1USED TO NOVE X31v UP TO X2imh.
3630 YenhaYet-Lamnbdad/2 IUSED TO MOVE X283 DOHWN TO X2®ah.

3660 Y uhaYFLeTANC22.5)#(Lanbdads/2) 1USED TO MOVE X32¢ UP YO ¥32wh,

3678  YQuhaYgt=TANC22.5)¢(Lanbdads2) IUSED TO MOVE X27¢ DONN TO X26mh:

3880 YhkahaYkt+TANC22.5)9(Lanbdadr2) IUSED TO MOVE X33T UP TO X3I3mh.

3690 YimhaY1t=TANC22.3)¢iL:0dads72) IUSED TO MOVE X26¢ DOWH TO X2&mh.

3768 YqmhaYqt+Lambdac’2 IUSED TO MOVE X34t UP TO X34mh,

3710  YraneYr(-Lanbdads/2 IUSED TO MOVE X235t DOWR TO X23mh.

720 | STEP FIVE: CARLCULATIOH OF CORRECTIOHS THAT WILL DE USED TO REMOVE
ERRORS FROM THE DRAWIHG THRT ARE CAUSED BY THE PLOTTER.

3738 )

3740 | .

IS ¢ THERE 18 A SLIGNT BIT OF LOSEHESS IH THE PEN CADLE ON THE NP 9072C
IS ! PLOTTER., THE AMOUHT OF ERROR THAT THIS INDUCES 18 WITHIN THE PLOTTERS
arrs OPECIFICATIOH® AHD DOES NOT CAUSE AHY PRODLEM IH MOST PLOTTER

780 | APPLICATIOHS, HOWEVER, DUE TO THE EXTREMELY SMALL DIMENSIONS IN THE
3796 | AREA NEAR THE COUPLED SLOTS, THESE ERRORS MUST DE RCCOUNTED POR IN
3008 | THIS PROGRAM, THESE CORRECTIOHS CAME FROM EMPIRICAL TESTIHC AND

3010 | HILL HAVE TO BE ADJUSTED TO MATCH THE PARTICULAR PLOTTER THAT 1§

asae | DEIHG UGED. THE In/Mm SCALING 18 INTENTIOMALLY OMITTED TO KEEP TNE

38380 ! THE CORRECTIONS TO THE SCALE OF THE ACTUAL DRAWIHG AND PEN,
3048 Plostercorrectin, d?

3038 Plottercorrect2s$

3060 Plotiercorrectdss

3078 Plottercorrecidnd

3000 Pene.52 ITHIS 10 TNE PEN TNICKHE®S, AND !T 10 CORRECTED
3090 | FOR AUTOMATICALLY IN THE DRAWING.
960 |
. sl |
3920 | STEP SIX: ENTER TWO MAJOR LOOPS THAT MAKE THE DESIRED DRAWING!
3930 |
3940 | THE FIRST LOOP CTHE °“Fill® LOOP) 1§ USED TO FILL IN THE BLACK
3988 | PORTIONS OF TNE DRAWING. THIS 1S BONE 3Y MOVING EACN POINT OF TNE
3968 ! FIGURE IN €8x OF THE PEN THICKNESS, AND TNEN DRAWING IT OVER AGAIN.
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3978 .
TNE SECOND LOOP (TNE "Im* LOOP) IS USED YO DRAW TNE FIN-LINE PATTERN,

1
3989 |
3990 | THE BOYTOM NALF 1S ESSENTIALLY R MIRROR IMAGE OF TNE TOP. TNEREFORE,
4000 | ONLY THE TOP NALF 1S DEFINED., TNE BDOTTOM NALF IS DRAWM BY HULTIPLYING
4910 | TNE *Y®* COORDIMATES BY MINUS ONE, ANY NON-SYMETRIC AREAS (SUCH AS
4020 | TNE SUM PORT) ARE TAKEN CARE OF WITH "1F" STATENENTS, TNAT CNECK TO
4030 | $EE IF TNE TOP OR BOTTOM NALF 1S BEING DRAKM,
4040 |
4058 1
4060 FOR Filims] TO | STEP 2 ISTARY OF THE “Fill® LOOP.
40790 FOR lmage=Q TO 2 STEP 2 ISTARY OF THE *la" LOOP,
4099 lmsl-lmage {Ims1l DRAWS TNE TOP, AND Ime=1 DRANS TNE E
49099 I BOTTOM OF THE SLOTLINE SIDE. E_
4100 IF Fil1e3 THEN SegmentgsizesSegrontesizesd }
41190 1IF Fil11>1 TNEN GOTO 41980 1SKIPS TO TNE "F{ll*" ROUTINE, P
4120 1IF Ia®] TNEN PennsPensFliii ) IPLOYTER CORRECTION FOR TNE PSS
4130 | TOP NALF OF SLOTLINE S1DE, A
4140 IF Ime=] THEN PennsPentFill+Plottercorrect! IPLOTTER CORRECTION FOR TNE e
4182 I BOTYOM HALF OF THE SLOTLINE .
4160 ' { SIDE,
4170 GOTO 4230 ISKIPS “Fi11" ROUTINE ON FIRST PASS,
4100 IF Im®1 TNEN PennsPen®F{l1#,68 I"Fi11® ROUTIHNE. MOVES PEN IN 698% OF
4199 I 17’S WIDTN AND TNEN DRAKHS TNE
4289 ! FIGURE AGAIN,
4218 |
4228 |
4230 | STEP SEVEN: CALCULATIOH OF CORRECTIONS THART WILL BE USED TO REMOVE
4249 | ERRORS FROM TNE DRAWING TNAT ARE CAUSED 3Y TNE PEN.
423590 | :
4260 | THE FOLLOWING CALCULATIONS ARE USED TO ELIMINATE ANY INACCURACY IN
4270 | THE DRAMING DUE TO TNE WIDTN OF TNE PEN THAT IS BEING USED.
4280 | THESE ADJUSTMEMTS WILL AUTOMATICALLY MOVE THE PEN THE RPPROPRIATE
4298 | AMOUNT AND DIRECYION TO ARCCOUHY FOR NALF OF THE THICKNESS OF THE PEN.
4380 |
4316 Anglel=sC18R-ATN(C(BL=K1)2(20L1))) /2 IHALF OF THE ANGLE FORMED BY
4329 { POINT® 102,103 AND 196,
4338 PenoffsevisPenn/(28TANCANGIel)? {CORRECTS POINTS 102, 103, 166 AND
4340 { 107 IN THE "X" DIRECTION AND
4339 { POINTS 111, 112, 119 AND 116 IN o
468 { "Y" DIRECTION,
4378 1
4388 Angle2sATNCALZC20LL)) IHALF OF THE ANGLE FORMED DY
439%¢ { POINT® 2,1 AND TNE INMAGE OF 1.
4400 Penoffser2=Penns/(298IN(ANgle2)) {CORRECTS POINT 1 IN THE "X
4410 i I DIRECTION AND POINT 3 IN TNE
4420 { "¥Y" DIRECTION,
4430 |
4449 AnQ) edeC1BB-ATNC(BL =KL )/ (28 CLL+CL)IIIZ21HALF OF TNE ANGLE FORNMED 3Y
4438 : { POINT® 119,119 AND 128,
4460 PenoffsetIsPenns/(24TANU(ANGI¢3)) ICORRECTS POINT® 119,122,129 AND
4479 { 120 IN TNE “Y* DIRECTION.
4480 | : :
4498 Angledan(90-(100-2%Angled)) 2 { NALF OF TNE ANGLE FORNED DY 3
4300 { POINT® 117,118 AND 119,
4319 PenoffsertIasPenns(2¢TAHCANG 22a)) {CORRECTS POINT® 117,110, 123 AND
4320 { 124 IN TNE “"X" DIRECTION.
4330 )
4340 Angled=ATNCAL/(22(LV+CL))) 1 HALF OF TNE ANGLE FORNMED BY
433¢ . 1 POINTS 11, 12 AND 1D,
4360 PenoffsersoPenn/(200IN(ANQled)) 1CORRECTS® POINT 12 IN THE °Y°
4370 { DIRECTION.
4300
4390 AngleSeCI00-ATNC2¥LA/AV) )22 INALFE OF TNE ANGLE FORNED DY 4
4600 | POINTS 1,2 AND 3,
4610 Peneffser3oPenn/(2¢TANC(ANGLeS)) ICORRECTO POINT 2 IN TNE °*Y*
4620 I DIRECTION AND POINTS 4 AND 3
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4:30 ! IN TNE "X* DIRECTION. &2
‘ 4640 1 *
4630 AnQle6nClB0-ATNC28(Lt+CLI/AL)I/2 INALF OF TNE ANGLE FORMED BY POINTS
S 4¢co ! 19,11 AND I2.
in 4676 Penoffser6aPenn/(2¢TANCANGI e6)) ICORRECTS POINTS 11 AND 13 IN THE
b 46080 ! "X" DIRECTION.
> 469 |
\ 4780 Pencffset?=Pen/ (28 TANCE?,5)) ICORRECTS POINTS 23, 24, 23, 28
y 4710 1 31, 34, 35 AND 36 IN TNE *X"
4720 ) , ! DIRECTION, AND POINTS 26, 27, 32
4238 ' 1 AND 33 IN TNE "Y* DIRECTION.
4740 Pencffser?asPenns(28C0SC45)) ICORRECTS POINT 18 IN TNE *X*
4730 ! DIRECTION.
4760 | .
4770 Angle8=(100-ATNC(ML/2+NL=0t/2-1t)/Ht))/2 INALF OF THE ANGLE FORMED BY
4780 ! POINTS 37, 3% AND 39,
4798 Penoffset8aPenn/(2#TANCANG) ¢8)) ICORRECT® POINTS ¢ mkD 30 IN
4080 ! THE *X" DIRSCTION,
4010 ‘
4020 Angled=(100-ATHCCM/2-087,2)/(Nt+Bet=Bdt)))72 INALF OF TNE ANGLE FORMED
4830 1 BY POINT® 21, 22 AND 23,
4848 Penoffset9=Penn/(2¢TANCANG €9)) 1CORRECT® POINT® 21 AND 22 IN AN
48350 ! TNE "X" DIRECTION. SR
4060 | R
4070 Anglehl=d4S-Angleh IUSED TO DETERMINE OFFOETS AT END OF NORN. e
4000 Angleh2m(180-Angleh)s2 1USED TO DETERMINE OFFSETS AT MOUTN OF NORN. W
4090 |
4908 PenofrsevhInSORC2)#Penns20SIHCANglehl) 1CORRECTS 2h IN *X* DIRECTION AND
4910 | 3h IN "Y" DIRECTION.
4928 Penoffseth2=SOR(2) #Penns2¢COSCAnglehl) ICORRECTS 3h IN "X* DIRECTION AND 5
4930 ! 2n IN THE "Y" DIRECTION. 2l
4940 PenoffsethdsPenns2/TANCANG eh2) ICORRECTS [h AND 4h IN THE °*X* "
: 4930 | DIRECTION, 2o
49¢0 | :
4970 1|
4980 | OTEP EIGHT: DEFINE ALL NUMBERED POINT® ON TNE DRAMING IN TERNS OF TNE
4390 | *X* AND *Y* REFERENCE PLANES LIOTED ABOVE.
sees | '
sele | TNE PEN OFFOET CALCULATION® ARE ENTERED NERE. THIS KEEPS TNE
::;o | REFERENCE PLANES FREE OF PEN CORRECTIONS.
o |
::;: | TNE FOLLOMING POINTS DEFINE TNE FIN-LINE 61DEL.
3060 MitodcioPenoffset2 -
3070 X2vaxbtePenns2 1TNI® 10 FOR TNE FIN-LINE 0IDE OF POINT 2. i
3000 X2ataxbi~Penns2 ITNI® IS FOR TNE DIELECTRIC TAB SIDE OF POINT 2. of
S090 N3vexbt+Penns2 H
SI08 M4arvaXhi-PeneffsetS ITNI® 18 FOR TNE FIN-LINE OIDE OF POINT ¢. § ¥
SII6 N4arsihi=Penns2 ITHIS 10 FOR TNE DIELECTRIC TAR OIDE OF POINT 4. Sy
W

3120 ASteper

3130 MNérvaXntrePenoffsertd ITNIS I8 FOR THE FIN=LINE 0IDT OF POINT 6.

0140 MXNéarvmlntePennr2 1THIO 10 FOR THE DIELECTRIC TAR SIDE OF POINT 6.
$130 NPta)uirePenns2

$160 XNOtoXdur+Penns2

SI70 ANreputePenns2

$100 XNi0vadyr+Penoffaer?

3190 NilteXadi-Penoffseré

$200 XMi2v=Nagt

$210 RidtexajrePenoffserd

3220 MAldis)ali=Penns2

$230 XNiStedalv=Penns2

8240 NigioXdalv-Penns2

8230 Xi?velur=Peneffser?

3260 Xi10rva)xiv-Penoffset?a

8270 XI%taMddy |TNE PEN OFFOET FOR THE ARC 10 DONE MMILE MAKING THE DRANING,
$200 N20v0Xde
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8290 X21vsXfi=Penoffsetd
83090 X22veXjr-Penoffsers
5318 X23re=)qr+Penoffser?
8328 NR24rveXsiePenoffser?
8330 X2Sve)xvePenoffser?
8340 X26v»Xaar+Penns2
S350 X27vaaarePenns2
8360 X28vsXacrePencffser?
8378 XN29vsXakt+Penns2
3300 X3ete}aki+Penns2
8390 X3itsXabivePenoffser?
S408 XR32veX24~Penn’2

8410 X33texzv~Penns2
8420 X34toXui-Penoffser?
8430 XaSre¥ri=Penoffser?
84480 NIGrodpr-Pencoffiser?
S430 NI7te)kt+Pencoffser8
S460 NI n)gLePenoffserd
S470 NI =Ndy

S400 N40ro)datv-Penns2
8490 XNéivsMar=Penns2

3300 X42ve)dhi-Penns2

SS180 N4dvsedntePenns2

8820 |

}
. THE FOLLOWING POINTS DEFINE THE MICROSTRIP OIDE.
|

}

X101voXat +Penn/2
X102¢ m¥XbL=Penoffset!
R10Jtedcv=Penoffsert
KiQ4ss)et=Penn/2
‘RISt aXes~Penns2
X186s sder=Penof et ]

. R197veXby=Penoffset!
K100t s}aL*Penns/2
L1089 o) {vePenns2
KiiGreXar=-Penns2
KilisveXnr=Penns2
Kij2ven)ie=Pennr2
%1 13vexiv=-Penns2
Kit4sndke ePenns2
% 1SLekL+Penns2
Ki16rsxicsePenns2
Kl 1Pvedaer+Penoffsetda
Xii10sexaiv=-Penoffsetda
Aii19ssiahs=Pennrs2
Ki20svsXant=Penns2
Ki2iveXafsoPennvs2
Ri122vaxafroPenns2
Ri2reXais-Penoffsertda
Ri2dvodaerePenoffaerda
Ri2StsxafLePenns2
Ri26vsials +Penns2
Ri2Pvaxans ~Penns2
flzlﬁlxah\-Ponnlz
{ THE FOLLONING POINTS DEFINK THE NORN,
KiheXdh+Penoffseshd,
K2heXbh=Peneffsethi
Xohelah-Penoffseth
HehasXch=Penef fsethd
ASheXeh=Pennr2
KeheXeh-Penns2
'

I TME FOLLOMING POINTO ARE UGED TO MERGE THE MAGIC-TEE AND NORN INTO THE
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5938 | MONOPULOE OYSTENM.
5960 X23mha)Xxmh-Penoffset?
3970 X26mhsXaanh~Penns2
5900 X27aheXaanh~Penns2 Q
$998 X28mheoXacmh=Penoffser?
6800 X3imheXabmhePenoffser?
6018 X32mh=XzmhePenns/2
6828 X33mheXzah+Penns2
6030 XidmhsXumh+Penoffser?
]

6340
60350 | THE FOLLOWING POINTS ARE USED TO DRAN THE RULER, BULL’S EYES AND

€860 | COMMENTS. E

€070 X1S8veXat ILEFT SIDE OF THR RULER. Rt
6008 XbullieftaXate,25¢In  ICENTER OF LEFT BULL’S EYE, 8
6098 XbullrfghvaXalv=,23#In I1CENTER OF RIGHT BULL‘S EYE. AL
6108 | aﬁki?
6118 | : : il
6128 | THE FOLLOWING LINES DEFINE THE °Y" COORDINATE® CF THE FIN=LINE 310K, Y,
6130 | arat
6140 YiraYor k.
6130 Y2rva¥Ynr+Penoffser N
6168 Y2ats¥niePenns2 Poeied
6178 Y3ravji-Penns2 RSOy
€180 YdraYji=Pennr2 oA
6198 YdaroYjirePenns2 f::‘;
6208 YSieYmi=Penoffser2 5 o

€210° YéroYjr=Pennr2

6220 YéarveYjvePenns2
€238 Y?vaYjrv=Penns2
€240 YOreYci=-Poenns2

6250 Y%raYarv-Pennr2

6268 YiOraYar~Penn/2
€270 YiivsYar=-Penns2
€200 Yi2v=aYdi=Penoffserd
€290 YidteYar=Pennr2
6308 YidiaYar=Penns2 .
€310 YiStaYirePenns2
€328 Yiére¥ot

€330 YiTtaYivePenns2
€340 YiGrvaYor

€338 YistavYer

6368 Y20veYar-Penns2
6370, Y2iveYsri=Penns2
€308 Y22raYuir=Penn/2
€390 Y23reYur=Penns2
6408 Y24ra¥Yri=Penn/2
€410 YaSie¥Ypi=Penn/2
6420 Y26roYit=Penoffsear?
€438 Y27rveYgi=Penoffsetr?
6448 Y20\ aYert~Pennr2
€430 Y291 »Yert=Pennr2
€460 YIPrvaYdrePenns2
€478 Y3lveYdrePenns2
€408 Y32vaYfiePenoffser?
€490 YIdra¥YkiePenoffser?
€500 YYdreYqrePenns2
€310 YiStayqriePenns2
€320 YisrvoYurePenns2
€330 YI7rvaYurePenns2
6348 Y0 aYprePenns2
€338 YiNnaYprePenns
€560 Yd4frayer

€370 Ydite¥YniePenns2
€380 Y4adraYhiePonns2
€390 Y4adisYhteloenns2
6o !




6610
6620
6630
€64e
6630
666
$678:
c6e8.
6698
6708
6710
6726
6730
€74e
€750
6768
677¢
6700
6790
6000
6010
6020
6030
6040
6830
6860
6070
6080
6090
6908
6910
6920
6930
6940
6930
6968
6970
6908
6998
7080
7018
7020
7030
7040
7080
7060.
7070
7008
7090
7108
710
7120
7190
7140
7100
2160
7170
7100
7190
7200
7210
7220
729
7240
280
7260

{ THE FOLLOWING POINTS DEFINE THE MICROSTRIP 8IDE.

YigiseYvs=Penns2
Yig2tsYur=Penns2
Y1031a¥xt«Penns2
Y1041aYxv=Penns2
Y103saYytePenns2
Y10€vavYyL+Penns2
Yi87iaVze ¢Penns2
Yi88saY2L ¢Penns2
Y1091 aYht~Penns2
Yi10LvoYhv=Penns2
YilisayjrePenoffser]
Yi12voYat+Penoffset!
Y113voYaat+Penns2
YildtaYaaroPennrs2
Y11Ste¥Ymt ¢Penoffser !
Yi16snYjrsePeroffsert
Yii?sasYart-Penns2

"YilGvaYat-Panns2

Y119voYbr ¢Penoffeerd
Yi28saYivePennrs2
Yi2iseYivePenns2
Yi22isYbr+Penoffserd
¥123saYadr+Penns2
Yi24vmYadtePenns
Y128svaYact~Penoffserd
Yi26voYabtgPenns2
Yi2?7ivsYabyv~Penns2
7!2|$-Y5ct-ronorrsct3
YiheYehePenns2
Y2haYdh~Penoffseth2
Y3heYbhePenoffsethl
Y4haYahePoenns2
YShaYahsPenns2
rcn-v:x

! TNE POLLOUING POINTS ARE USED TO MERGE THE

| INTO TNE MONOPULSE SYSTEN.
Y28ahsYprakrePenns2
Y26ahoYinhePenoffser?
Y2?nhoYgahePenoffaer?
Y20uhsYeahePenns/2
Y3inheYdah=Penns2
¥32uhsYlah~Penoffser?
Y3dshsYkah=~Penof faet?
TQOnh-Yq-h-Pcnnlz !

| THE POLLOMING POINTO ARE UGED TO DRAN THE BULL‘’O EvES.

YoullteysYat+2¢0pace
Youlibe.tonm=Yhul ltopt

¥

: OTEP NINE: NAKE THE DESIRED DRAMING.,

! THE CENTER OF THE DRAWING 18 Xeo,Ye. TNIS 10 THE POINT WHERK THE

! CENTERG OF THE OUM AND BIFFERENCE MICROSTRIP LINEO HOULD CROSO !F
t EXTENDED, ALL OF THE DRAMINGS ARE REFERENCED FROM XNe,Ye.

!

IF Drawingde"TEE* THEN 7600 1SKIP TO WAGIC-TEE SECTION,
IF Bravingsa®HONO® THEN 8768 18KIP TO THE NONOPULSE SYSTER SECTION.
)

! THI® OECTION DRANS THE FIN-LINE 6IDE OF A SINGLE FIN-LINE HORN,
)
IF Slidess®n® THEN 7430 (SKIP TO NRICROSTRIP 0IDE.

NOVE Xiv,Yie

MAGIC~TEE AND THE KORN
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7270 DRAM N24,Y2vr¢1m

7280 DRAN X341,Y318ln

7290 IF iam=1oFiip THEN 7330
7300 DRAU Xdt,Y4r0]nm

7310 DRAH XSt ,YStrelnm

7320 DRAH X6r,Y6r oI

7330 GOOUD 102350 {(DRANG HORN. _ .
7340 | THE NEXT FEM LINE® OUTLINE TNE DIELECTRIC TABS TO MATCH THE FIXTURE.
7350 HMOVE M40t , Y40

7360 DRAM X4is,Y4100ln

7370 DRAH X2a1,Y2ar8Im

7300 IF lae={eFiip TNEH 7430

7390 NHOVE X4at,Ydatelm

7400 DRAH Xd2:,Y42t¢]ln

7410 DRAN %431,Y43181n .

7420 DRAM Xéar,Y6arelm ’

7430 NEXT Image

7440 GOTO ?7370{8XIP MICROSTRIP OIDE.

7450 | THI® SECTION.DRANS THE MICROGTRIP O1DE OF THE THE FIN-LINE HORM.
P460 NOVE XI109,YION

7470 DRAN XII8y,YII00

7400 DRAM XI1IIv,Y1114

P490  DRAN XII24,YII20

7500 YdottoamhasaYor=Ji/2-QuaicrostiripePennsd - 1ONLY POINT UNIQUE TO HORN.
7810 DRAH X113:,Ybotiomhas

7520 DRAN Xildy,Ybotioahas

7830 DRAN XIISt,YIIS:

P340 DRAN XI116t,Y116¢

7550 DRAN XI891,Yi89
7860 LA
TSP HEXT Fi)) AR
no: GOTO 9300 | SKIP TO THE RULER SECTION, : S
7590 | , st
r:o: : THIO SECTION DRAMS THE MAGIC-TEE. : 'I::-.:;.
761 ' “ .i..'l
r:a: IF Sidess*N® THEN 0230 1THI® OKIPO TO MICRO-OTRIP SIDE, [:j
7630 |
7640 | THIS SECTION DRAHO THE FPIN-LINE OIDE OF THE FIH-LINE TEE. DAY
7630 NOVE XIv,YIvela . O S
7660 DRAN X21,Y210la =k
7678 DRAN X31,Y3relm R
(AU LN

7600 IF lam=1oF)ip THEN GOTO 7720
7690 DRAN X4y ,Ydreln

7700 DRAN K3:1,YSvela

P7I0 DRAN X6uy,Y6rela

7720 DRAN X7y ,Y7iela

7730 DRAU X0+, Y010l

PP40  DRAM XI0L,YIO0reln

7780 DRAN XIIt,YIlvelm

P760. BRAN XI12:1,YI2v01m

P70 DRAM %N13:,YI3rela

P00 DRAN Ni4y,Yidrela

7790 DRAN XI16t,YI6rola 5
70080 NOVE XI9%t=Mi/2¢Penns2,YIN

7010 FOR Angle=09 TO 100 OTEP 2

7020 XeXi®1=(Nt/72-Penns2)e0IN(ANgle)

7030 Yeo(Yi9t=(N1r2-Penn/2)eCO08(ANgQIe)) 0]

7040 DPRAN X,Y .

7838 NENT Angle . -

7060 DRAN X2Is,Y2Mveln

7070 IF Y22i)Yer THEN COTO 7908 IKEEPS PEN BETHEEN COUPLED SLOTO.
7000 YR2taYer

7098 Y23ie¥er

7900 BRAM X224 ,Y22%¢la
7910 DBRAN K23%,Y231¢ln
7930 PAAM X34y, Y240 01n
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o v ety

Falei)
. .

793¢
7940
7956
7960
797¢
7900
799

0010
a2
30
0040
e ese
006e
0 e7?¢
0000
0090
160
etle
6120

0140
01350
0166
o7e
(21 )
¢19¢
0200
0210
0220
0230
0240
0230
0280
e27e
0200
0290
0300
(2] ]
0320
0330
0340
0380
0380
0370
0300
0390
0400
0410
0420

0430

0449
0430
0460
0470
0400
0490

0540
0350
0360
9579
0000

DRAN X23¢,Y2S5tein v

DRAN X28¢,Y20t¢]a .

DRAN X294 ,Y29%%]n

DRAN X30¢,Y30t01n

DRAN X314,Y31te]n

DRAN X344 ,Y34t01n

DRAN X33%,Y38v0ln

DRAN X36t,Y36r0]n

DRAN X374,Y37v01a

DRAN X364 ,Y30101n

DRAN X39:,Y3%¢ia

FOR Angleal TO 91 STEP |

HaXi19r=(ML/72¢+HL+Penn/2) 881N ANGIe)

Ye(Yi9t+ (N /724N L +Penn/2)0C03(ANgle) )0 ]

DRAN X,Y e

NEXT Angle 2

MOVE X40%,Y404

DRAN Xdit,Y4ire]la

DRAH X2at,Y2atela

I1F tas=1oFl{p THEN GOTO 6170

NOVE Xdat,Ydarela

DRAN X424 ,Y42t0]n

DRAN X432+ ,Y43t0]a

DRAN Xéav,Yéardin

HOVE X1,Y!

NEXT image

GOTO 0360 1FIN=LINE GIDE 1@ COMPLETE. TNI® COMMAND €XiPS TNE
1 MICROSTRIP SIDE, AND CONTINUE® ON WITH TNE PROGRAM,

1

1 THE FOLLOMING SECTION DRANS TNEK MICROSTRIP @I1DE OF THE MAGIC-TER.
MOVE X101t ,Y101

DRAN X102¢,Yi102¢

DRAK X103:,Y103¢

DRAN X1044,Y1041

DRAN X16S:,Y108:

DRAN X106%,Y106¢

DRAM X107y, Y102

DRAN X100t ,Y100¢

DRAN X161c,Y1080

MOVE X109¢,Y109 0F1(p

DRAN X110t ,Yii0veFl(p

DRAN Xiiis,YiL100P1(p

DRAN X112 ,Yi1200F1(p

DRAM X1134,Y1iNMerlip

BRAN Nilde,Yil14ceFlp

DRAN X138t ,Y1iSteFiip

DRAN Nii6L,YIiIGroFltp

DRAN X109t ,YI0% WF1(p

NOVE X1317¢,Y8170

DRAN X310t,Yi10¢

DRAM X319t ,Y119¢

DRAY X120¢,YI20¢

DRAN X1213,Y121

DRAN X122¢,Y122¢

PRAM XIL17¢,Y81I7e

NOVE X12334¢,Y123

BRAM X1244,Y1240

BRAN X123:,Y128¢

BRAN Xi26L,Y126¢

BRAU X127¢,¥127

BRAN X120:,Y120¢

BRAN M123:,Y123¢

1 THI® SECTION 10 COMMON TO DOTH THE FIN-LINE ANB THE NICROSTRIP O1DE0.
! THE NEXT FEM LINE® PLACE THE NUNBER OF TNE MAGIC TEE MEAR THE DEVICE.
€812 .06¢In,,8

NOVE XviePenn,Yet ¢, 600T L +Ponn
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PRI OX PO S A
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.qn“fx"

" MOVE X2Sah, Yot

LABEL Tisles {IDRANG THE HAME OF THE TEE ON THE DEVICE.

NEXT Fill :
GOTO 9288 (NAGIC-TEE 18 DONE, SKIP TO THE RULER SECTION.

'

: THIS SECTIOH DRANS TNE FIN-LINE SIDE OF THE MONOPULOE OYSTENM.

IF Qides=s"N°® THEK 9179 I18KIP TO MICROGTRIP QIDE.

MOVE Xit,Yitela

DRAN X2v,Y2tela

DRAH X3t ,Y3teln

IF ims=jeflip TNEN €720

DRAH Xdat ,Ydr el

DRAH XASe,YStela

DRAH X6t ,Y6v0lam )

DRAN X7t ,Y7tela 1THIQ 10 THE UPPER LEFT EDGE OF THE FIXTURE.

DRAN X34mh,Y34mhela ITNIS 18 THE FIRSY POIKT IH THE MONOPULSE SYSTEM
| PORTION,

DRAN %3iah,Y3isheln *

lansln 1VYOED TO DRAW HORH CORRECTLY.

Coeus 10230 {DRAM HALF OF THE HORN.

DRAN X31s,Y3iteln

DRAN X34t ,¥d4tein

DRAH XISy, Y3Stela

DRAN XI6s,YI6r0ia

DRAN X374 ,Y37tela

DRAH X30t,Y30tela

DRAK X391 ,Y3%tela :
FOR Anglee® TO 91 QTEP | INEXT FIVE LINE® DRAN THE LEFT QUARTER ARC.

Ne)i9s=CHL/72eNL ePenn/2) 08 H(ANGLR)
Yo(Y19t oML /720N oPenns2) 2CO8(ANGIE)) 0l
DRAN X,Y
HEXT Angle

fFitp COHTROL® TNE LOCATIOH OF PORT-3,

IMOVE DACK TO CENTER OF THE MONOPULSE SYSTEN PORTION,
DRAN X28ah,Y28nhela

Inns=$ola IFLIPS In IN TNE NORN SUBROUTINE TO DRANH BOTTOR NALF OF HORN,
GOsUs 18230 IBRAN BOTTON HALF OF THE NORN
DRAN %20t,Y28t01ln {(THI® 18 TNE MAGIC-TEE PORTION AGAIN.
DRAH X23t,Y2Stela

DRAN X241 ,Y24c01n

DRAH X23:1,Y23c 01

DRAN X224 ,Y22101n

DRAN X21s,Y21ct000

DRAN X20%,Y201¢]n

FOR Angle=® TO 91 STEP I

AeRI =(NL72=Penns2) 081 H(ANg I 8)
YelYi9ie(Mv2=-Penn/2)0C08(ANgle) )0l

PRAH X,¥Y

NEXT Angle

NHOVE X408, Y40t

MAU Xdit,Ydir 0]

BRAN X2at,Y2at0ln

IF lasm=1oFlip THEN 9130

MWOVE Xdav,Ydarole

BRAN X43:,Y421 01

DRAYW Na3r, Y40 ln

IRAR X6as,YCareln

NEXT laage

4010 OSCIISKIP THE RICROOTRIP 010K,

t INIQ OGECTION DRAMNS TME KICROGTRID Q1K OF THE NONOPULSE OVltlu.
ROVE X101s,Y108c

MAM XI024, Y102

DRAN Ni03 , Y10

BRAM 1044 ,Yi04s

DRAN Xi0S:,YIO

RAM 106, Y1068

DRAM X587t ,YI0N
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9250 DRAW X100t,YI0st o : % e
9260 DRAW X101t,Y101t S Ly

9279 MOVE X189t,Y109¢
9280 DRAW X110t,Y110t
9298 DRAM Rille,Yi11e
9300 DRAW X112t,Yi12t . .
9310 DRAW X113¢,Y113¢

9328 DRAN Xildr, Y114y E

9330 DRAW XI118y,Y115¢

9348 DRAW A116t,Y116r

9330 DRAKW R109¢,Y109¢

9360 NEXT Fill

2378 1 :

9388 | TNIS SECTION DRAWS TNE RULER AND COMMENTS

92396 | .

L 9400 IF Rulers$="N" THEH 10200 "

. . 9418 | TNE HEXT PORTION OF TNE PROGRAM DRANS THE HUMBERS AND COMMEHTS BELON

o 9420 | THE RULER.

9438 LINE TYPE ! ITNIS RETURNS THE PLOTTER TO R NORMAL HIGN SPEED LINE,
9440 PennsPen

9430 FOR sl YO 3aScale STEP !

9460 Penns,08Pen+Penn

9470 CSI2E .1385#1n,.38 1CHEIGHT OF LETTERS), (HIDTN/NEIGNT RATIO)

9400 MOVE X1S0t+,05¢In+Penn,Yajr-Penn

9496 LABJEL "1°

93580 MOVE X1SOt+].05%Ine+Penn,Yajr~Penn

9519 LABEL *2*

9520 MOVE X150t+2.832In+Penn,Yajt=Penn

9530 LAEL "3*

9540 IF 138cale THEH COTO 9800

9550 HMOVE X1S0tePenn,Yakt+Penn

9560 CSI2E .00%In,,.48 1CNEIGHT OF LETTERS), (HIDTN/HEIGHT RATIO)

9370 LAJEL “WMEN REDUCED 7O 1:1 SCALE, THIS® X

93580 MOVE Xi1Ser+Penn,Yalt+Penn

93590 LARJEL "RULER WILL BE EXACTLY IN INCNES."

9600 !

9610 | TNE POLLOWING LIHES DRAM TNE COMMENTS DETHEEN THE BULL’S EYES,

9620 MOVE Xbulllefr+,20In+Penn,Ydulltop+Penn

9:3. LABEL °MAGIC TEE °*;Titles;* by LCDR ROMLEY*

640

9650 | THE FOLLOMING LIHE® DRAW TNE BJULL‘® EYEO,

9660 MOVE Xbullleft+Penn,Ydullrops.15eIn+Penn

9670 DRAU Xbullleft+Penn,Ydulltop=,.05¢1In+Penn

9600 NOVE Xdbullleft=.l8In+Penn,Ybulltop+Penn+,$321n

96%0. DRAN Xbulllefts.18In+Penn,Ydulliop+Penne,85¢In

9760 FOR Angle=® TO 360 OTEP S

9710 DRAH ,13IneCOSCANglel+XbullleftsPenn, . 128Ins8INCANGl @l +YDUl 1vops. 058 In+Penn
9720 NEXT Angle

9730 HMHOVE Xdbullright+Penn,Ybulltop+,1Seln+Penn

9740 DRAU Xbdbullright+Penn,Ybulltop=,03s1In+Penn

9750 HMOVE Xbullright=.1#In+Penn,Ybulltop+Penns. 03¢ ln

9760 DRAN Xbullright+,12In+Penn,YbulltopePenns, 03+In

9770 FOR Ange=® TO 360 OTEP S

9780 DRAN . 1#IneCOSCANg)+Xbullright+Penn, .18 IneSINCANg)+Ybulltop+, 838 InePenn
9790 NEXT Ang .

9000 NEXT !

9010 | TNE NEXT SEGMENT OF TNE PROGRAM DRAHG TNE RULER.

2020 Je}

9030 PenncPen .

9040 FOR I=0 TO 6 STEP !

9080 JaJ)eg

9060 XNISOrsMareln(,Seln)

9070 HMOVE X1S@r+Penn,Yaer 1TOP OF TNE RULER.

9000 | TNE RULER 10 DRAHN IN $IX NALF IHCN SEGMENTS, TNE ODD SEGMENTS START
9090 | HITN A LONG INCN MARK, WNILE TNE EVEN SEGMENTS START HITH A SHORTER
9900 | NALF INCN MARK. TNE NEXT OEVEN LINE® CONOTRUCT THE FIROT MARK !N EACH

68
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9910 | NALF IHCN SEGMENT. . -
9920 IF 1=l THEH GOTO 99886 ISKIPS TO THE HALF IHCN MARK LEHGTN.

9938 . IF I=3 THEN GOTO 9988 ISKIPS TO THE HALF IHCH MARK LEHGTR.

9948 [IF [sS THEN GOTO 9989 1SKIPS TO THE HALF INCH HMARK LEHGTH.

99358 DRAW X158t +Penn,Yajt ITHIS 1S THE ITHCH MARK (LOMGEST LIHE).

9966 IF I=é THEH GOTO 10150 ITH1IS TERMINATES THE RULER AFTER THREE INCHES.
9978 GOTO 1eeee tTH1S SKIPS THE HALF INCH MARK LENGTH.

9988 DRAW X150t +Penn,Yait ITHIS IS THE HALF INCH MARK LEHGTH.

9996 | THE HEXT 14 LIHES DRAWS EARCH HALF 1HCH SEGMEHT OF THE RULER.
186668 MOVE X1SOt+Penn+Sixteenth,Yaet
16610 DRAK X1SOt+Penn+Sixteenth,Yaft

10020 MOVE X156t+Penn+2¢Sixteenth, Yaet )
19038 DRAN X150t+Penn+28Sixteenth,Yagt Fo
10040 MOVE XISOt+Penn+3sSixteenth,Yaet s

f

16838 DRAW X1SBt+Penn+IaSixteenth, Yaft
18660 MOVE X1S8t+Penn+d4sSixteenth,Yaet
18670 DRAH X1SBt+Penn+d4aSixteenth,Yaht
16660 MOVE X1SO0t+Penn+SeSixteenth,Yaet

Sga, P am
P . s
S
dor e
.

H

10090 DRAX XISBt+Penn+SeSixteenth,Yaft
10100 MOVE X1S58t+Penn+6eSixteenth, Yaer £ 1
10110 DRAN X158t +Penn+6#Sixteenth,Yagt e
[8120 MOVE XiSet+Penn+?eSixteenth, Yaet P L
10136 DRAN. X150t+Penn+?eSixteenth,Yaft >
10140 NEXT [ . e,
18156 IF J>8#Scale THEH GOTO 10280 ITHIS TERMINATES TNE PROGRAM WNEN LIHES ARE oty
16160 | ARE TNICK ENOUGH. .H}%Zx
10178 PennsPenn+Pen ! THIS SHIFTS THE RULER SLIGHTLY AHD REDRAUS TN
10180 I 17, TH1S MAKES THE LIMES THICK EHOUGH. ] :;i
19198 GOTO 994e ! THIS COHTIHUES THE LOOP, .}ﬂ; «
18288 PEH @ ! THE PEH IS PUT BACK IH THE HOLDER. e
X 10210 MOVE 3000,%00 ! THE PEN DRIVE ARM 1S MOVED ASIDE. o
- 18220 sTOP e
e 10230 | {-..*-:.'-
:; 10240 | STEP TEN? HORN SUBROUTINE, -:¢‘=?
& 10250 | TNE FOLLOWING SUBROUTIMNE DRANS NALF OF TNE NORN AT A TIME. ‘;:ﬁ;;
10269 IF Dravwing$=*HORN®" THEH 103201SKIP OFFSET FOR SINGLE HORN. : 1
10270 Xoffa)act-Xvt+Lanbdad IMOVES HORN OPEMING OHE WAVELENGTH LEFT OF TNE f;ﬁ:ﬁ
10200 | LAST SLOT BEND CMONONORH .ONLY). o
10290 Yoffu(Vi+Jtr2deim | MOVES NORN OPENING UP/DOWN TO MATCN SLOTS IN r,\,*,
18300 I TNE MOHOPULSE $YSTEM. TN
18310 GOTO 18350 ISKIP TO DRAWIHG ROUTIHE, RN
10320 Inneln 'HEEDED FOR SIHGLE HORH OHLY, Uﬂ\:ﬂ

19330 Xoff=@ |IHSURES OFFSETS ARE 2ERO FOR SINGLE NORH,
10340 Yof el

10350 DRAN Xih+Xoff,YiheInn¢Yoff
10360 DRAN X2h+Xoff,Y2h#Imm+Yoff
10370 DRAN X3h+Xoff,YIhe lan+Yoff . ]
10300 DRAW X4heXoff,Y4htImneYoff et
10398 IF Dravingse"MOHO" THEH 10428 IPOIHTS S46 ARE FOR THE SINGLE HORN ONLY, Y
10400 DRAN XSheXoff,YShelmeYoff A
10410 DRAN X6h+Xoff,YéheineYoff : Lo
10420 i TNE NEXT PORTIOH DRAWS TNE DOTTED LINE OF THE LEHS ARC.
10430 IF FI11>1 TNEN 743¢

10448 LINE TYPE 4,.508cale {DOTTED LINE,

10438 FOR Detan® TO Angleh STEP I 13et alMAX) =ANgleh., *

18468 | TNE FOLLOMIHG LIHES ARE THE EQUATIOH THAT DEFINES A PARALLEL
10470 | PHASE FRONT LEHS.

18480 Aarcal-C00(Deta)

10490 Darc=I-COSCANQleh)

10300 Carcol/0QRCErI-CO0(Deta)

10510 DarceCOSCANgleh)=1/SQRCER)

10320 £arcoCOS¢Berads(I-SQRCER))

10538 3rhadhe(Marc+darceCarc/Dare)7Earc  {THICKNESS OF LENS.

.

e
MENCRNS
» ¢
ORI
.....'. -

e el

_.:.n
¢
l. )

10540 Radha3h+Brh+Pen {RADIUS FROM Xoh.Yeh TO LEN® EDCE.
10338 1 Bh 10 RADIUG OF ARC WITHOUT LENO.
10968 XarcoXoh+RadheCOS(Beva) IX POSITION OF ARC,
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18578 YarcsYoh+Radh#SIN(Beta) " 1Y POSITION OF ARC. Yy

105680 IF Beta=d THEN MOVE Xarc+Xoff,Yarc+Yoff IPOSITIONS PEN FOR ARC.

10590 DRAN Xarc+Xoff,Yarc#lmm+Yoff

10600 NEXT Beta

10610 IF Drawvings$="H*" THEN 10650 | FOLLOWING LINES ARE FOR MONOHORH ONLY.

10620 MOVE XdheXoff,Y4h#ImmeYoff IRETURNS DRAWIHG TO PROPER POINT AFTER LEHS IS
10630 ! 1§ DRAKN. .

10640 LINE TYPE Linenumber,Segnentsize IRETURNS LINE TYPE TO PREVIOUS SETTING.
10638 RETURN

18668 END
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APPENDIX B ]

FIGURES ' B 1

FIN~-LINE MAGIC~TEE NUMBER THREE

Figure 1 Fin-Line Magic~-Tes.
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H-PLANE ARM

Figure 2 Waveguide Magic-Tes.
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Figure 3 Theoretical Magio-Tee Scattering Matrix.
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SUM (R+B+C+D) €
RZIMUTH m—melf ELEVATION
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Figure 4 Di{amond Monopulse Feed.
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(R+B)

< &

Figure S Square Monopulse Feed.

(R-B)+(C-D)=
(R+C)-(B+D)

SUM

(R+B+C+D)
ELEVATION
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Degrees Left(-) and'Right(+) of Boresight . DR
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Figure 6 Simulated and Rctual Element Pattern.
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Spaoing between slements of a Moncpulss Feed,
showing the elements in phase with each othsr.
Each slement is repressnted by a delita function.
The element pattern is acccocunted for later.
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- -2 =i e { 2 3
Fourifer Transformed Sum Group pattern.

NOTES:
1. X=SIN(Theta)#(S/Lambda); Theta is the angle

left(=), or right(+), of the antenna’s boresight.

‘S’ is the spacing betwsen the antenna elements.

2. At +/- 90 degress, SIN(Theta) reachss {t’‘s

maximum value of one. These two piontes are oalled

the pattern’s visible limite. They ccour whers
Xm+/=(1)%(S/Lambda) on the transformed pattern.

Figure 7?7 Theoretiocal Sum Group Pattern,
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 Spacing between elements of a Monopulse Feed,
showing the elements out of phase with each other.
Each element is represented by a delta funotion.
The element pattern is accounted for later.
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Fourtier Traneformed Difference Group Pattsrn.

NOTES:

1. X=SIN(Theta)#(S/Lambda); Theta is ths angle
lsft(=), or right(+), of the antenna’s bore eight.
‘S’ {e the spacing betwesn the antenna elements.

2. Rt +/- 90 degrees, SIN(Thsta) reaches it’s

maximum value of one. These two pionts are called
the pattern’s visible limits. Thsy occcur whsre it
X=+/-(1)%(S/Lambda) on the transformed pattern. P

Figure 8 Theoretical Difference Group Pattern.
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Figure 11 Bilateral Fin-Line.
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This data was taken on an HP 8488B
Vector Network Rnalyzer at 18 GHZ.

This matrix is ocorrected for uneven
transmission line lengths caused by
launcher placement and fixture design.
10 degrees is added to port-1, 84
degrees i{s subtracted from port-3 and
22 degrees is added to port-4. The
corrections are uniform throughout the

matrix.
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Figure 168 S-Matrix for Magic-Tes Number Tueo.
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This data was taken on an HF 840888
Vector Network Analyzer at 11.4 GHZ,

This matrix is corrsoted for uneven
transmission lins lengths oaused by
launcher placement and fixturs design.
106 degrees is added to port-i, 122
degress i{s added to port-2 and 168
degraes {s added to port-3. The
corrections ars uniform throughout the
matrix.

Figure 1?7 S-Matrix for Magio-Tee Number Threes.
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Figure 28 S13 Phase and Magnitude for Magic-Tee Thres.
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Figure 22 S21 Phase and Magnitude for Magic-Tes Three.

'Y . t J
LRRCN
‘e &

o

91

S
NN N I LV A VL T T T

e

RCSORROXREE SO0 LG CC LA UACAT N ACAE S VAT A AT UG L N W ST A O g ’-Z:&.*‘,.'_‘



SEEAT TR TR kP EYE "R s "tk Yy "W

LN

E{:‘

MAGIC-TEE (3) PORT-1 TQ PORT-2

2 " . " Y

402.9020 MMz OLV t2eeQ.000

MAGIC-TEE (3) PORT-1 TO PORT-2

i
P
sifd
3

-
Y,
‘.a
N

$22-08 LOSS

" " " N

4106.0000 Mmix- 0LV

Figure 23 S22 Phase and Magnitude for Magic-Tes Thres.
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